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EXECUTIVE SUMMARY

An Environmental Investigation and Health Impact Assessment was conducted at
the Laidlaw Sanitary Landfill Site (Site) located in Bridgeton, Missouri. The
comprehensive environmental media investigation identified specific areas at the
Site which appear to have been impacted by the low-level radioactive wastes
deposited in Areas 1 and 2 of the adjacent West Lake Landfill. The latter is known
to contain soil contaminated with low-level radioactive waste materials, including
uranium-238 and -235, thorium-232 and their decay products. Elevated radon-222
and gamma radiation levels were noted at the landfill gas collection wells located
in the northeast portion of the Site, and in the area of the Office building situated
immediately west of Area 1.

The results of the potential health impact assessment at the Bridgeton Site indicate
that measured concentrations of radon daughter products, to which on-site
workers may be potentially exposed via inhalation, are almost 10 times below EPA
regulatory limit 0.03 WL for indoor exposure. Furthermore, modeled radon gas
flare emissions, to potential on-site workers and off-site receptors, indicate worst-
case one-hour concentrations that are three orders of magnitude below the EPA's
recommended 4 pCi/L annual average level for homes.

The potential ingestion of leachate- or condensate-contaminated water by on-site
workers was found to be of no potential health concern because of maximum
detected concentrations that were below EPA proposed maximum contaminant
levels (MCLs) of 300 pCi/L (radon-222), and 20 pCi/L (radium-226) for drinking
water. In addition, the detected leachate concentrations were also below the
Metropolitan Sewer District recommended average monthly discharge limit of 600
pCi/L for radium-226.

The results of swipe tests in both office building, and on heavy equipment at the
Site also indicate that potential incidental ingestion of transferrable contamination

is not a viable exposure route.

The natural background gamma radiation levels at the Site were found to be
generally consistent with natural external background levels in the United States.
But at points where gamma levels exceeded background, the detected maximum
gamma dose rate of 0.03 mrem/hr would result in an annual potential dose to Site
workers orders of magnitude below the recommended exposure limit of 500
mrem/yr for infrequent public exposure.
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'DEEINITION OF RADIOLOGICAL UNITS

Curie - The curie (Ci) is a unit rate of radioactive decay, and is the quantity of any
radioactive nuclide which undergoes 3.7x10' disintegrations per second. One
picocurie (pCi) is equal to 107?Ci, which is approximately 2 disintegrations per
minute (dpm).

rad - The unit of absorbed dose. One rad is equal to the absorption of 100 ergs per
gram of material (e.g., human tissue).

rem - Rem is the unit of dose equivalent from ionizing radiation to the total body
or any internal organ or organ system. It is equal to the absorbed dose in rads
multiplied by a quality factor (to account for different radiation types). A millirem
(mrem) is 1073 of a rem.

Roentgen - A unit of exposure of X-ray or gamma radiation in air defined as
2.58x10* coulombs per kg. One roentgen (R) produces approximately 1 rad in
tissue. One milliroentgen (mR) is 10 of a roentgen.

Working Level - The Working Level (WL) is any combination of short-lived radon
daughters in one liter of air that will result in the ultimate emission of 1.3x10”
MeV (2x10° Joule m?) of potential alpha energy. One WL equals 100 pCi/L
equilibrium equivalent concentration.

Working Level Month - The Working Level Month (WLM) is an exposure rate of
1 WL for a working month of 170 hours. Under occupational exposure conditions,
an employee exposed to 1 WL during a working year accumulates 12 WLM. In
environmental situations, exposure is continuous, such that a person with
continuous exposure to 1 WL accumulates about 50 WLM in one year. The
following equation is used to relate WL and WLM:

WLM = WL (Hours Exposed/170).

Golder Associates
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1.0 INTRODUCTION

As per the terms of reference presented in Laidlaw Waste Systems (Laidlaw)
Request for Proposal (RFP) of October 19, 1992, Golder Associates Inc. (Golder)
performed an Environmental Investigation and Health Impact Assessment at the
Laidlaw Sanitary Landfill Site (Site) located in Bridgeton, Missouri. This landfill
is adjacent to a separate landfill site (West Lake Landfill) which is known to
contain soil contaminated with low levels of radioactive waste materials, including

uranium-238 and -235, thorium -232 and their decay products.

The major objectives of this health assessment include:

1. The development of an environmental sampling and analytical plan
to identify and define areas contaminated by radioactive waste
materials at the Site;

2. The evaluation of viable exposure pathways and the potential health
impact of radioactive materials on on-site workers and off-site
receptors; and

3. The identification of applicable regulatory exposure limits of
radionuclides for occupational exposure conditions at the Site.

The health assessment presented in this report is divided into seven main sections.
In Section 2.0, characteristics of the Site and previous environmental media
investigations at the sanitary landfill are described. Section 3.0 contains a detailed
description of the nature and extent of environmental contamination at the Site.
Section 4.0 includes a discussion of the key toxicological properties of the detected
radionuclides. In Section 5.0, a discussion of the potential exposure pathways, and
a qualitative and quantitative assessment of potential radiological exposures are
presented. Also, potential exposure doses to workers, under current exposure
conditions at the Site, are determined and compared to applicable regulatory

exposure limits in this section. Section 6.0 contains the conclusions on the results
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of this investigation, while specific recommendations concerning the potential

occupational exposure conditions at the Site are presented in Section 7.0.

Presented in Appendix A is a summary of regulatory exposure levels for
occupational and general public exposures to radioactive materials. Some of these
regulatory levels may be applicable to working conditions at the Bridgeton
Sanitary Landfill. The results of the sample analyses and recorded observations
during the landfill environmental investigation activities are presented in
Appendix B. The assumptions, input parameters for the exposure model, and
results of modeled radon gas concentrations from flare emissions are presented in

Appendix C.

Golder Associates



October 1993 -3- 923-6114

2.0 SITE CHARACTERIZATION

The Site is located on St. Charles Rock Road west of the Taussig Road intersection
in Bridgeton, Missouri. It is situated about one mile northwest of Route 270 and
approximately 12 miles east of the Missouri River, and is located in a combined
rural-industrial area (Figure 1). The Site is approximately 200 acres in size. It
includes an inactive quarry, stone and limestone processing and storage areas,
and several active and inactive landfills. The nearest residential area (reportedly
a trailer park) is located about 0.75 mile southeast of the Site. The Spanish Lake
Village is a residential community of at least 90 homes reported to be located

about 0.9 mile south of the landfill site (NRC, 1988).

Two known areas of the West Lake Landfill contain low-level radioactive waste
materials (uranium-238 and -235, thorium-232 and their decay series). These areas
are located on the same site as the Bridgeton Sanitary Landfill. West Lake
Landfill, Inc. unknowingly received the radioactive material from the Cotter
Corporation in 1973. In 1976, the Missouri Department of Natural Resources
(MDNR) determined that about 8,700 tons of leached barium sulfate residues
combined with approximately 40,000 tons of top soil had been placed at the West
Lake Landfill.

The Area 1 wastes and contaminated soils reportedly comprise about 3 acres in the
northeast corner of the West Lake Landfill (Figure 2). It is believed that
approximately 20,000 cubic yards of radioactively contaminated materials are
contained in this area (NRC, 1988).

Another possible contaminated zone (Area 2) has been identified based on an

aerial radiological survey of the West Lake Landfill Site conducted in 1978 (NRC,
1988). This area is located in the northern part of the landfill and covers about 13
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acres of the 200-acre property (Figure 2). About 130,000 cubic yards of

contaminated soil are reported in this area.

A limestone ridge wall and a portion of a previously filled and capped quarry
landfill separate the existing quarry pit from Area 1. The current landfill operation
has an active, negative pressure landfill gas (LFG) collection system comprised of
several LFG collector wells which feed a utility flare located east of Area 1. This

area has since been quarried, filled with municipal solid waste (MSW), and

capped.

A passive methane collection system, consisting of several individual large
diameter concrete conduits, has also been installed in the current quarry pit which

is presently being filled with MSW (the active area - Figure 2).
2.1  Previous Site Investigations

This section briefly summarizes the present understanding of applicable Site
conditions based on information presented in the above RFP; personal interviews
and telephone conversations with Laidlaw employees; and a review of the Phase
I and Draft Phase II Environmental Investigations conducted by R.M. Wester &

Associates.

In 1976, the U.S. Nuclear Regulatory Commission (NRC), Region III, investigated
the disposal of radioactive wastes in the West Lake Landfill located adjacent to the
Laidlaw Sanitary Landfill Site. This investigation revealed that about seven tons
of U,O,, contained in 8,700 tons of leached barium sulfate residues, had been
mixed with about 40,000 tons of soil at the Cotter Corporation Latty Avenue
facility, and the entire volume disposed of at the West Lake Landfill. The results
of previous radiological assessments indicate that the disposed materials contained
uranium and/or thorium decay chain nuclides and potassium-40. The

concentrations ranged from 1 to 19,000 picoCuries per gram (pCi/gm).
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In 1978, a fly-over radiological survey that was performed for the NRC indicated
radiation levels as high as 100 microroentgen per hour (uR/hr) in the area believed
to contain the radioactive materials at the landfill. This area has been labelled as
Area 1, but is neither owned nor operated by Laidlaw. The survey also revealed
that a fill area at the landfill that was previously believed to be "clean" appeared
to be contaminated with radioactive materials as well. Access to this area
(designated as Area 2), which is neither owned nor operated by Laidlaw Waste

Systems Inc., has subsequently been restricted to Laidlaw personnel.

The Phase I Environmental Investigation conducted by Wester Associates was
designed to evaluate the potential impact of the radioactive waste materials on the
currently active sanitary landfill operations, and to serve as the basis of a
comprehensive Health and Safety Plan for Laidlaw employees. Because the waste
materials deposited in the West Lake Landfill were residues of uranium ores from
which uranium-235 had been extracted, members of the uranium-238 decay chain
were expected to comprise the highest concentrations of radionuclides in the waste

materials.

The Phase I investigation was focused on the associated hazards of potential
exposure to the members of the uranium-238 decay chain. It was assumed in the
study that, based on the maximum concentrations of deposited materials in the
adjacent radioactive waste depositories, "it [was] highly unlikely that
concentrations of surface contamination [were] sufficiently high enough to create

an alpha and beta radiation hazard."

Ambient air monitoring for radon gas was conducted at the Site as part of the
Phase I Environmental Investigation in order to assess the potential exposure to
workers on the Laidlaw property. Both the LFG collection system and the
leachate collection and discharge system were found to contain elevated (i.e.,

greater than background) levels of radioactive materials.
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' The Draft Phase II Environmental Investigation at the Site was designed to
determine:

(i) the extent of radiological contamination in the leachate collection
lagoon and discharge system; and

(ii)  to evaluate the potential migration of radioactive materials from the
adjacent radioactive waste depositories to the sanitary landfill (i.e.,
active MSW) via groundwater.

The report concluded with a statement that the presence of radioactive materials
in certain areas of the landfill "exceed certain personnel protection action limits
established by the various regulatory agencies," although the limits and agencies

were not specified.
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3.0 LANDFILL INVESTIGATION ACTIVITIES

3.1 Landfill Gas Collection System

Radon-222 gas samples were collected at the landfill on March 10 and 11, 1993
from selected sampling points (located by field-surveyed map coordinates as listed
in Table 1 and indicated on Figure 3). These sampling points were located in the
unsaturated soil zone (about 3 feet below grade). Sampling points were also

located at selected LFG extraction wells.

The LFG samples were collected using sampling procedures and protocols
described in Section 3.1.2 of this report. Following field analysis, the samples were
analyzed by Core Laboratories (Casper, Wyoming) for Rn-222. The laboratory
results were reported in picoCuries per liter (pCi/L). One pCi/L of radioactive
materials (amount of radon-222 gas) in a sample of soil gas or LFG (collected from
the unsaturated soil zone or gas collection well at the Site) is that quantity which

undergoes 2.22 alpha-type disintegrations per minute (dpm).

The results of the LFG collection system evaluation are listed in Table 2. The
analytical results included on this table show general background concentrations
of Rn-222 at the Site to be less than 100 pCi/L. The distribution of Rn-222 within

and adjacent to the LFG collection system is further discussed in Section 3.1.2.
3.1.1 Radon in the Unsaturated Soil Zone

Radon-222 is a heavy gas which is colorless, odorless and inert. It has a density
of 9.72 grams per liter and is soluble in water. Radon-222, a natural isotope of the
Uranium Series, is produced by the radioactive decay of radium-226 and has a
brief half-life of 3.8 days. The radioactive decay of Rn-222 produces an alpha-type

radiation.
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The movement of Rn-222 in the unsaturated soil zone may occur through various
mechanisms, including diffusion, convection, alpha particle emission recoil,
pressure gradient flow, and water vapor transport. These transport mechanisms

are described below.

- Diffusion: Radon-222 (as well as other LFG components') may
move from an area of higher concentration to one of lower
concentration. This molecular diffusion through unsaturated soil is
a net flux movement which is measured as the availability of alpha-
decay particles per unit of time (e.g., 2.22 dpm) at a specific point
and depth below grade at the Site.

This radon flux is different from the radon content of the soil
(Tillman, 1989). Radon flux is a variable which is significantly time-
and location-dependent as well as physically dependent on the soil
characteristics of the unsaturated zone (i.e., effective porosity,
permeability, moisture content, etc.).

- Convection: Convection is the transport process whereby gas can
move as a result of density and temperature differences. Radon-222,
having a MW of 226.05, is about 14 times heavier than methane (MW
of 16.04) and five times heavier than carbon dioxide (MW of 44.01).
Typical soil gas (MW of about 29.2) is generally about 7.7 times
lighter than Rn-222 and about 1.8 times heavier than methane.

The temperature of the LFG (MW of about 29.4) is typically 90
degrees Fahrenheit (F) or 32.2 degrees Celsius (C). Significant
temperature differentials in the landfill are not expected other than
at the Site perimeter.

- Alpha Particle Emission Recoil: As the Radium-226 atom decays, it
forms the isotope Rn-222. This alpha decay causes the radon-222
atom to be propelled in the opposite direction of the alpha particle
(about 63 ym in the soil gas), provided soil moisture or other
obstructions such as soil grains, buried refuse, etc. do not obstruct
the atom's progress (Dillon, 1989).

!Methane, carbon dioxide, nitrogen, and oxygen comprise the main components of LFG,
typically at concentrations of 44.0, 42.0, 10.5, and 3.0 percent volume, respectively (Golder
Associates Report on Cache Creek Landfill, January, 1993).
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- Pressure Gradient Flows: Soil gas pressure gradients may influence
the direction and rate of radon-222 migration. The LFG interception
zones developed along the line of ten gas collection wells located in
the southwest corner of the Site may produce such pressure
gradients towards the wells.

- Water Vapor Transport: LFG is typically saturated with water vapor
produced during the anaerobic decomposition of MSW. This
amount of water (about 2 x 10 gallon per each cubic foot of LFG)
may solubilize a portion of the radon-222 gas and, subsequently,
transport the gas with the LFG to the gas collection units. Colloidal-
sized particles may also be similarly transported in the LFG.

The radon concentrations identified on Figure 3 illustrate the interpreted extent of
Rn-222 across the 28-acre portion of the Site; that is, that portion of the entire 200-
acre property which is located in the northeast corner. This 28-acre portion
includes the 3-acre parcel which contains low-level radioactive soils comprising
Area 1. The measured radon-222 concentrations range from less than 100 pCi/L
(the maximum general background level) to about 1,770 pCi/L measured at
sampling point P-5, near LFG extraction well W-8 (Figure 3). The analytical report
and other pertinent data are summarized on Table 2 for samples collected on

March 10 and 11, 1993.

3.1.2 Landfill Gas Sampling Methods

Gas samples were collected from the unsaturated soil zone using temporary probes
passed through the cover material. A total of 26 gas samples was analyzed in the
field for combustible gas content, oxygen content and hydrogen sulfide, as well as,
relative soil gas pressure. Soil gas/LFG samples were also collected from
temporary soil gas sampling probes and from wellhead sampling ports using 1-liter
Tedlar bags. The samples were submitted to Core Laboratories for analysis within

24 hours of sampling.
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The sampling protocols included documentation of the temporary gas probe
reference number, date of sampling, name of the technician, weather and ground
conditions, vegetative conditions, etc. The type of monitoring instrument and date

of the most recent instrument calibration were also recorded.

A 3-foot barhole was then introduced into the ground using a weighted slide-
hammer fitted to a 0.5-inch diameter solid-steel probe. Immediately upon removal
of the probe, a 3-foot length of plastic tubing (connected to the MSA 62S and,
subsequently, the GeoGroup IR Analyzer) was inserted into the barhole. To
minimize air infiltration, the annulus between the plastic tube and the barhole was
sealed at the ground surface. The maximum percent combustible gas
concentration was measured in the barhole using the MSA 625, and the oxygen
and hydrogen sulfide concentrations were measured using the MSA 361. Carbon
dioxide concentrations were, subsequently, measured in selected barholes using the

GeoGroup IR Analyzer.

Following field measurement of soil gas pressures and primary LFG component
concentrations, soil gas and LFG samples were collected using a 1-liter Tedlar bag
placed in a vacuum box sampler. Sample collection was initiated by opening the
vacuum box's bulk head port. The bulkhead port was closed when the Tedlar bag
was approximately one-half full. The bag box vacuum release valve was opened,
and then closed when the box pressure was in equilibrium with atmospheric
pressure. Upon opening the vacuum box, and immediately closing the Tedlar bag

inlet valve, the sample bag was disconnected from the vacuum box.
The soil gas/LFG samples were placed in appropriately labeled shipping

containers, following collection, and later shipped to Core Laboratories. A sealed

trip blank was also included in each sample shipment.
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3.1.3 Methane Gas Collection System

The LFG collection system reportedly includes ten active gas extraction wells (W-1
through W-10) located at the northeast corner of the 200-acre property and about
14 active trench/well interceptors located in the easternmost portions of the Site
(Mohror, 1993). The ten gas extraction wells reportedly deliver a minimum of
2,500 cubic feet of LFG per minute (cfm) to the main utility flare located as shown
on Figure 2 (Durako, 1993). The easternmost LFG interceptor units deliver 1,500
cfm of LFG to each of the two utility flares located in the east/northeast portions
of the Site.

Area 1 reportedly contains less than ten feet of contaminated soil overlying 50 feet
to 65 feet of MSW which in turn, contacts the underlying alluvial sediments at an
elevation of about 400 feet above mean sea level (amsl). However, the rest of the
Site (the original quarry area) reportedly has a pré-landﬁll base elevation of about
250 feet amsl (RMC, 1981; Burns and McDonnell, 1986; Durako, 1993). Thus, given
an average surface elevation of about 450 feet amsl, the general depth of MSW at

the Site (beyond the immediate limits of Area 1) appears to be about 200 feet.

A comparison of Figure 4, "Interpreted LFG Pressure Contour Map" to,
respectively, Figures 5 and 6: "Interpreted Methane Iso-Concentration Contour
Map" and "Interpreted Oxygen Iso-Concentration Contour Map", illustrates the
likely relationship between the LFG pressure gradients and the gas transport
paths. Based on the greater rates of molecular diffusion of methane and oxygen
compared to Rn-222, and the potential resistance of Rn-222 to convective flow
towards the wells (based on radon-222 greater density), the comparable rate of

migration of Rn-222 would be expected to be much less than the LFG.

The gamma radiation levels measured during the Site survey (see Section 3.5) are

presented on Figure 7 as another indication of the probable relationship and
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effectiveness of the Bridgeton Site LFG collection system (gas wells W-1 through
W-10). These interpreted contours illustrate the significantly higher gamma levels
(compared to background (<2,000 counts per minute (cpm)) which were measured
at the western and eastern ends of the line of gas collection wells W-1 through W-
10. One of the highest gamma readings, in excess of 43,000 cpm, was measured
at sampling point P-16, located about 100 feet to the northwest of the Site office.
In general, it is notable that the gamma radiation data seem to indicate that the

gas well field may be having a "localized" effect on LFG extraction at the Site.

3.2 Radon Gas Sampling - General Considerations

3.2.1 Sampling Method

Samples of the landfill gas introduced to the flares were collected in order to
estimate the quantity of radon-222 released from the system. Nine 1.5 liter (L) gas
samples were collected from separate locations and submitted for laboratory
analysis of radon concentrations. The results of these laboratory analyses are
presented in Appendix B. Three samples were collected at a point located
between the blower and the main flare; three samples were collected at a location
between the blower and the main station auxiliary flare. Three other samples
were collected from the flare station located in the active fill (quarry), at a point
between the blower and the flare. A field blank consisting of 1.5 liter ambient air

was also collected adjacent to the main flare.
3.2.2 Results

Analytical results for the nine LFG samples, collected from the gas collection
system adjacent to the flaring stacks, and the field blank are presented in Table 3.
As indicated, the three samples collected at the main flare have an average

concentration of 173 pCi/L, with a maximum concentration of 181 pCi/L.

Golder Associates



October 1993 -13- 923-6114

The average concentration found in the auxiliary flare is 131 pCi/L, with a
maximum concentration of 171 pCi/L (Table 3). The radon concentration for the
third sarﬁple is 64.5 pCi/L. This concentration is significantly lower than those of
the other samples. All three samples were, however, collected within 15 minutes

of one another.

The average radon concentration found at the flare located in the active fill area
is 69 pCi/L, and the maximum is 71.5 pCi/L (Table 3). These values are less than
one-half the concentrations found at the main flare station. A detailed evaluation

of these results is presented in Section 5.3.1.1 of this report.

3.3  Working Level Monitoring Investigation

3.3.1 Sampling Method

Employee work areas were monitored to determine radon daughter product levels
using two active direct reading working level Thompson and Nielson TN-WL-02
monitors. The working level meter operates by sampling air from the
environment at a constant rate, while radon daughter products are collected on
a filter. Alpha particles are detected and counted by a customized integrated
circuit. The TN-WL-02 meter counts a fixed percentage of the total alpha energy
emitted and provides a time-integrated count rate. Working Level (WL) is
calculated by using the manufacturer's specified formula: "alpha counts'/
[(sampling time - 0.5) x calibration factor]. The calibration factor is in counts per
hour per milliworking level (cph/mWL) and is noted on the instrument at the time

of manufacture.
3.3.2 Results

Working Levels were monitored during 10 distinct intervals and are summarized
in Table 4. Representative sampling was performed within various employee work

areas, including offices and vehicle cabs. Overnight monitoring in office buildings
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was also performed. Sampling intervals were approximately seven hours during

day shift monitoring, and approximately 14 hours during overnight monitoring.

The WL meter was accidently shut-off during monitoring performed in the REX
compactor cab on March 11, 1993. The estimated shut-off time is based on
information from the compactor operator. However, the filters were replaced and
the monitoring was re-initiated at 11:30 am. Due to the interruption, the sampling
interval was limited to 5.27 hours. Monitoring performed in the cab of the D-8
dozer represents an undetermined length of time operating at the demolition

landfill and at the active area of the sanitary landfill.

The highest level monitored, 0.0047 WL, occurred in one of the offices in the main
building (Table 4). However, this level is approximately one-fourth of EPA's
recommended limit of 0.02 WL in homes. The office was monitored two
additional times. The average for the three observations is 0.0035 WL. It should
be noted that the office building monitoring was performed under typical daily
working conditions, rather than under EPA stipulated "closed house" conditions.
It should be further emphasized that EPA "closed house" conditions require that
windows and doors be closed and traffic through the building be minimized in
order to allow radon daughter products to accumulate. A detailed evaluation of

these results is presented in Section 5.3.1.1 of this report.

34  Worker Radiological Survey

3.4.1 Sampling Method

Employees were surveyed for radiological contamination at the commencement
and termination of their working day by using a portable ESP-1 rate meter and
HP-260 GM (pancake) probe. The survey was conducted by slowly moving the

probe over the body surface and shoes (soles) of the employees while holding the

instrument approximately one-half inch above the clothing and skin surfaces.
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3.4.2 Results

Table 5 summarizes the employee radiological survey results. The results of this
sampling event are reported as an average and a maximum activity level for each
employee monitored. A total of 14 employees was monitored; however, two
employees were not monitored prior to starting their shift, and one employee was

not monitored after his shift.

Background levels of ionizing (gamma) radiation at sea level are typically 50 - 100
counts per minute (CPM) as measured by this instrument. Background counts in
the rooms where surveys were conducted averaged approximately 40 CPM with
a maximum of 90 CPM at the beginning of work shift (Table 5). Activity detected
on employees at the end of their work shifts averaged 40 CPM with a maximum
count rate of 102 CPM which is well within normal background variations. A

detailed evaluation of these results is presented in Section 5.3.2.3 of this report.

3.5  Surface Radiation Survey

3.5.1 Sampling Method

A surface radiation survey was performed at locations where radon gas samples
were collected and in areas where employees regularly work. The survey was
performed using a portable rate meter and a high efficiency gamma scintillation
probe. The probe was held between 6 and 18 inches above the ground surface,
and approximately 1 m? of each sampling area was surveyed. An average count
rate and a maximum count rate were recorded for each sampling location. A
background count was also taken in an undeveloped area off the Earth City

Expressway, approximately five miles from the landfill.
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3.5.2 Results

Over 50 specific locations were surveyed in addition to a general survey performed
around the edge of the leachate collection pond. Twenty-five of these locations
are plotted on Figure 7, and the coordinates are presented in Table 1. Table 6
summarizes the results of the surface radiation survey. As indicated on this table,
background readings for the gamma scintillation probe and rate meter used for the
survey averaged 2,300 CPM. Average gamma activity at all the locations ranged
from 700 CPM at the lagoon to 43,200 CPM at Point 16 (Table 6). A detailed

evaluation of these results is presented in Section 5.3.3 of this report.

3.6 Determination of Transferable Contamination

3.6.1 Sampling Method

Transferable alpha contamination on heavy equipments and building surfaces at
the landfill was evaluated to determine if this represented a potentially significant
exposure pathway. A total of 18 samples was collected from areas that employees
regularly contact. Locations included exterior surfaces of field vehicles, both the
exterior and interior of cabs, and within Site. buildings (Table 7). The samples
were collected by wiping a 100 cm? area with a piece of Whatman 50 filter paper
using moderate pressure. Only one side of the filter paper was used in order to
prevent cross-contamination of samples. The samples were later placed in clean
envelopes until alpha measurements could be performed. For most of the
samples, this evaluation was conducted away from the areas where they were
collected. The wipe samples were placed under the alpha scintillation probe, and
alpha counts recorded over a 30-second period. Background alpha activity was

recorded for the location at which each measurement was conducted.
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3.6.2 Results

The degree of alpha contamination was determined by the number of alpha
decays recorded during the 30 seconds that each sample was placed under the
alpha scintillation probe. Presented in Table 7 are the sampled locations and the
results of measured alpha radioactivity for each sample. A detailed evaluation of

these results is presented in Section 5.3.2.3 of this report.

3.7  Personnel Breathing Zone Monitoring

3.7.1 Sampling Method

Airborne particles were collected at the Bridgeton Site from an employee's
breathing zone during routine grounds maintenance activities (i.e., mowing) along
the southwest edge of Area 1 of the adjoining West Lake Landfill. This area is
known to contain low-level radioactive waste materials. Personnel air monitoring
was performed using a portable personal air sampling pump connected to a filter
cassette by plastic tubing and attached to the employee's waist band, while the
filter cassette was attached to the employee's shirt collar. The sampling train,
pump, tubing and cassette were calibrated using a soap bubble calibration tube
and rotometer, set at a flow rate of 2 L/min. Instrument calibration consisted of
measuring the time required for a soap bubble to travel 100 mL at various flow
rates and recording the time and rotometer setting. Flow rates were recorded five
times and an average value was calculated. Following completion of the
monitoring, the cassette was disconnected from the tubing, and both ends were

sealed with plastic plugs.
3.7.2 Results

Personnel breathing zone was monitored for 30 minutes and the results of the
radiological analysis of the filter cassette (using EPA Methodology 900.0) are

summarized in Table 8A. As indicated on this table, gross alpha activity was
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measured at 0.2 +/- 0.5 pCi/L, while gross beta activity was detected at 0.5 +/- 0.9
pCi/L in the analyzed sample. A detailed evaluation of these results is presented

in Section 5.3.3 of this report.

3.8 Personnel Radiation Exposure Dosimetry

3.8.1 Sampling Method

A thermoluminescent dosimeter (for recording external radiation exposure) was
used to monitor potential employee exposure during grounds maintenance
activities (i.e., mowing) at the Bridgeton Site. The passive gamma dosimeter
provides an accurate and sensitive method for measuring external radiation dose,
with an exposure range of 10 rem to 10° rem. One dosimeter was worn during
mowing along the southwest edge of the radiologically contaminated Area 1 (on
the adjoining West Lake Landfill). A second dosimeter was also used as a control
device during this investigation. When not in use, the experimental gamma
dosimeter was stored at the same location as the control dosimeter. The dosimeter
was worn for a total of approximately seven hours, and the initial and final time

for each event was recorded.
3.8.2 Results

The results of the radiation dosimetry for the measurement of the external
radiation exposure are presented in Table 8B. As indicated, the gamma radiation
dose was reported below the analytical detection limit of <10 mrem for both the
experimental and control dosimeters. A detailed evaluation of these results is

presented in Section 5.3.3 of this report.
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3.9 Leachate Collection System

3.9.1 Sampling Method

Four water samples were collected from the lagoon discharge overflow and were
assumed to be representative of leachate discharged to the sanitary sewer system.
Two 1-liter samples and duplicates were collected, plus duplicates collected in
Volatile Organic Analysis (VOA) vials. An initial grab sample was collected in a
2.5 gallon open container and apportioned into 1-liter polyethylene sample bottles,
and the glass VOA vials. Samples in the VOA vials were then placed in a cooler
containing blue ice. The 2.5 gallon container was rinsed three times with distilled
water and discarded. Distilled water was placed in the container and used to fill
one l-liter sample bottle and two VOA glass vials. These samples represented
equipment blanks. Leachate samples collected in the 1-liter polyethylene bottles
were analyzed for gross alpha, gross beta, and radium-226. The VOA vials were

analyzed for radon-222.
3.9.2 Results

The results of the leachate sampling analyses are summarized in Table 9 and
presented in Appendix B. Radon-222 concentrations were reported to be 240, 266
and 284 pCi/L in the analyzed leachate samples, and below the detection limit of
206 pCi/L in the equipment blank.

Radium-226 concentrations were measured at 1.4 pCi/L in the leachate samples
and below detection limit (0.6 pCi/L) for the equipment blank (Table 9). Gross
beta activity was measured at 84.7 pCi/L in the leachate sample and 4.8 pCi/L in
the equipment blank. Gross alpha activity was reported below the analytical
detection limits of 19.3 and 2.0 pCi/L, respectively, for both the leachate sample

and the equipment blank. A detailed evaluation of these results is presented in

Section 5.3.2.1 of this report.
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3.10 Landfill Gas Condensate

3.10.1 Sampling Method

Landfill gas condensate was collected (in accordance with SW-846 sampling
methodology) from the condensate tank located at the main landfill gas extraction
system. A l-inch drain plug on the condensate tank was removed and a plastic
tube was used to siphon condensate from the tank. A grab sample was collected
into a 2.5 gallon open container and apportioned into a I-L plastic container, and
four 40-ml glass VOA vials. A second 1-L plastic container and another set of 40-
ml VOA vials were filled as duplicate samples. The open top container was rinsed
three times with distilled water and discarded. Distilled water was again placed
in the container and used to fill one 1-L plastic bottle and four 40-ml VOA vials
for equipment blanks. Condensate samples collected in the plastic bottles were

analyzed for radium-226, gross alpha and gross beta radioactivities.

A second condensate sample was collected from the landfill gas extraction system
for radon-222 analysis. This sample was collected from a low point in the
extraction system located adjacent to Condensate Drain No. 3. A grab sample was
collected in a 2.5-gallon bucket and apportioned into one sample and a duplicate
each consisting of two 40-m]l VOA vials. The 2.5-gallon bucket was rinsed three
times using distilled water which was then placed in the bucket, and used to fill

two additional VOA vials for the equipment blank.
3.10.2 Results

The results of the condensate sampling analysis are summarized in Table 10.
Radon-222 concentrations were reported to be 244 pCi/L in the second condensate
sample, 309 pCi/L in the duplicate, and 295 pCi/L in the equipment blank.
Radium-226 concentration in the first condensate sample was reported at 0.4 pCi/L,
but was not detected in the duplicate sample or in the equipment blank. Gross

alpha activity was measured at 3.6 pCi/L in the sample, but was not detected in
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the duplicate and the equipment blank samples. Gross beta activity was detected
at 10.1 pCi/L in the sample, 5.4 pCi/L in the duplicate, but not detected in the
equipment blank. A detailed evaluation of these results is presented in Section

5.3.2.2 of this report.
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40 TOXIC EFFECTS OF RADIATION

The information presented in this section is a general discussion of the health
effects of exposure to radiation and radioactive materials. It is not an
interpretation of the health impacts that may be associated with potential exposure

to the low-dose radiation present at the Bridgeton Landfill.

The radioactive materials that have been detected at the sanitary landfill include
radium-226 and radon-222. Both are naturally occurring elements, and have half-
lives of approximately 1,600 years and 3.8 days, respectively. These radionuclides
are members of the uranium decay chain and they emit alpha particles and
gamma rays. Human exposure to members of the uranium series depends on the
physical and chemical behavior of the particular element, and the exposure is via
three main routes: inhalation, ingestion, and external radiation. The short-lived
radon daughters represent an inhalation hazard and deliver significant dose to the
bronchial epithelium of the lungs. If internalized, the radon daughters, uranium,
and radium will tend to concentrate in the bone with concomitant dose delivered
to bone surfaces. The external gamma emitters, and to some extent the Po-210 in

the body, tend to irradiate the whole body.

It is important to note that, in the case of exposure to radon and radon daughters,
the ingestion route delivers only a small dose in comparison to inhalation or
external whole-body radiation. Further, in most circumstances, the external whole-
body dose is significantly less than the dose to lung resulting from inhalation.
Thus, it is inappropriate to consider these varied doses to different body organs
as being directly additive (NRC, 1988).
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4.1 Ionizing Radiation

When ionizing radiation interacts with matter, it strips atoms of their electrons.
In living tissue, this can result in direct cell damage, or indirect cell damage caused
by toxic by-products. Examples of ionizing radiation are gamma and X-rays, and
alpha and beta particles. The following constitute four major sources of human

exposure to ionizing radiation:

1. Natural sources of both internal and externql irradiation;

2. Medical and therapeutic sources for cancer treatment;

3. Nuclear reactions, such as nuclear power reactors and weapons; and
4. Industrial X-ray machines, and consumer and industrial products.

Acute Exposure

In general, the acute whole-body radiation exposure to moderate and high doses
(>50 rads) of irradiation is likely to occur only under accident situations at nuclear
plants, nuclear warfare, or possibly during manned space flights. Such high doses
are usually delivered at relatively high dose rates (several rads per hour), and the
acute effects, which include a combination of gastrointestinal and neuromuscular
symptoms, are threshold phenomena and dose-rate dependent (Klaassen et al,,
1986). It is important to note that the manifestation of early effects occur only at
fairly high doses (>50 rads). That is, at doses much higher than those that could
be associated with potential exposure at the Bridgeton Landfill Site. The incidence
and severity of the effects also increase non-linearly with increasing exposure dose

(Klaassen et al., 1986).
Again, it should be emphasized that any adverse health effects that may be

associated with moderate to high doses (>50 rads) of ionizing radiation will not

be manifested at the very low exposure doses that are present at the Site.
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Chronic Exposure

Evidence of radiation-induced lung cancer, following chronic exposure, is based
on experience with uranium miners exposed to radon gas and radon daughters
at very high levels. It should be, however, noted that the highest measured
concentration at the Bridgeton Site (i.e., 0.0047 WL, or, 0.056 WLM) is orders of
magnitude lower than the levels found in the uranium mines (i.e., 4 to 10,000
WLM) (Whittemore and McMillan, 1983).

Epidemiologic studies have also demonstrated a dose-effect correlation between
very low doses of X-ray irradiation received in utero and cancer incidence in
children. It is also important to emphasize that there is still a great deal of
controversy on the magnitude of the potential cancer risk that may be associated

with exposure to low and very low doses of ionizing radiation.
4.2  Specific Radionuclides

The toxicity of internally deposited radionuclides is very specific to each
radionuclide. Therefore, a brief discussion of the toxicological characteristics of the
radionuclides of interest at the sanitary landfill site will be presented in this

section.
Radium

Radium is a metabolic analog of calcium and it is, therefore, deposited in the
skeleton where it irradiates bone and adjacent tissues with alpha radiation at a
dose rate that decreases slowly with time (Klaassen et al., 1986). Studies of groups
of industrial chemists and women factory workers who were occupationally
exposed to luminous paints containing radium, have demonstrated an increase in

4
the incidence of bone cancer in heavily exposed persons.
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Epidemiologic studies have also clearly established that radium induces carcinomas
(cancer) of the mastoid and paranasal air sinuses. However, the lower the burden
of radium in the body, the later and less frequent is the occurrence of malignant

tumor with subsequent fatality (Klaassen, et al., 1986).
Radon and Radon Daughters

Radon gas, which is produced by the decay of radium, is inert and migrates easily
through air. If inhaled, some of it will be absorbed into the blood from the lungs
and be, subsequently, transported throughout the body while the rest is exhaled
(NRC, 1988). Radon daughter products are particles which form directly in air
from radon gas. Upon decay, the radon daughters emit alpha particles which are
potent jonizers. But because of their relatively large mass and double positive

charge, alpha particles do not penetrate deeply in tissues (Paustenbach, 1989).

Radon daughters (Po-218, Pb-214, Bi-214, Po-214) tend to attach to respirable dust
particles. Inhaled radon daughters lodge in the deep lung and emit their alpha
particles directly into the bronchial epithelium. The principal health effect of
ionizing radiation associated with alpha-emitting radon and radon daughters is
lung cancer. Smokers who are exposed to radon and its daughters are at a much
greater risk of developing respiratory lung cancer due to the synergistic effects (i.e.,

multiplicative interaction) of the dual exposure (NRC, 1988).
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50 HEALTH IMPACT ASSESSMENT

5.1 Introduction

Human health impacts resulting from environmental contamination are a function
of both exposure and toxicity. Although a contaminant may be inherently very
toxic; however, it will not pose a hazard to human health unless an exposure
pathway (e.g., dust inhalation) is viable, resulting in a subsequent "dose".
Conversely, many environmental contaminants to which the general public is

continuously exposed are of little concern because they are not very toxic.

This assessment evaluates potential health impacts to workers associated with
current Site conditions. It is assumed that Areas 1 and 2 will remain inactive in
terms of landfill operations, and also, that the soils in these areas will not be
disturbed. The potential health impact of airborne radon emissions on landfill
workers on-site, and the potential impact on residential populations off-site were

considered in this assessment.

The potential exposure pathways through which workers at the Site may become
exposed to radiation are evaluated in Section 5.2. An assessment of the potential
radiation doses (i.e., health impacts) that may be associated with potential

exposures is presented in Section 5.3
5.2  Exposure Pathway Analysis

There are generally three routes through which people may be exposed to ionizing
radiation: inhalation of radioactive gases or particles, ingestion of radioactive
particles, and external exposure to gamma radiation. Soil contaminants may also
deposit on the skin; however, with the exception of radioactive materials entering
an open cut or wound, the dermal exposure route is relatively unimportant at the

Gite. Therefore, this route is not considered in this assessment.
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The radioactive properties of a substance cannot be changed by any chemical or
physical process. Consequently, any radon present in the landfill gas stream will
not be destroyed, nor will its radioactive properties be altered in any way by the
flare combustion process. Instead, radon gas will be emitted intact to thg
atmosphere. Although radon is approximately eight times heavier than air, given
the extremely low concentrations of radon (relative to the concentration of other
gas molecules), Brownian motion will keep the radon "suspended" in the gas
stream from preferentially "settling-out." The dispersion characteristics of the

radon are assumed to be identical to the flared landfill gas.

5.2.1 Air Exposure Pathway

5.2.1.1 Inhalation of Radon in Flares

Radon gas concentrations measured in the landfill flare gas at the Bridgeton
Sanitary Landfill ranged from 64.5 pCi/L (picoCuries per liter) to 181.0 pCi/L, while
a single ambient air sample taken on the active landfill in the immediate vicinity
of the gas collection system contained 5.9 pCi of radon gas per liter of air (Table
3). An airborne radon concentration of 4 pCi/L is typically associated with the
EPA's recommended action level of 0.02 Working Levels (WL) averaged over a one-
year period for considering remediation of radon in homes (40 CFR 192). Hence,

, the radon concentrations observed at the Bridgeton Site may be raised as a

potential issue.
Gas Emission Modeling

A simple screening procedure using the "flare option" of the EPA's UNAMAP Series
6, "SCREEN" Exposure Model (EPA, 1988) was performed to evaluate the potential
impact of radon gas emissions associated with the landfill gas collection system on
ambient air quality. As the name implies, the SCREEN exposure model is a very
simple "first cut" screening tool. What the model gains in simplicity, however, is

sacrificed in accuracy because of conservatism. The exposure model calculates the
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one-hour average concentration at user-specified distances on a line directly
downwind from the source, for each of the windspeed/stability class combinations
shown in Table 11. The model estimates the maximum one-hour concentration
found for the worst-case meteorological conditions (wind speed/stability class
combinations) at each specified downwind distance, and iterates to find the
concentration and downwind distance of the "maximum" one-hour maximum
concentration. Consequently, as far as properly applied Gaussian dispersion
modeling is concerned, the results of the SCREEN exposure model are truly

"worst-case" exposure estimates.

The SCREEN exposure model requires emission rates to be entered in units of
grams per second (g/s), and reports calculated concentrations in micrograms per
cubic meter (ug/m®. Radon emission rates for the present application were
calculated based on measured radon concentrations in the gas stream in pCi/L,
and maximum design capacities of the flares/blowers in units of cubic feet per
minute (cfm). Radon gas emission rates were input in the model in units of
milliCuries per second which results in calculated ambient air concentrations being
reported in nanoCuries per cubic meter, which is exactly equivalent to picoCuries

per liter.

The base of the main flare is at an elevation of approximately 472 feet. The
auxiliary flare is located approximately 50 feet from the main flare at an elevation
of 460 feet. The 8-inch utility flare is assumed to be located in the immediate
vicinity of the GC-2 well at an elevation of 330 feet with a 150-foot (i.e., 46-meter)
cliff located approximately 500 feet (i.e., 150 meters) to the southeast. The SCREEN
exposure model has options for "simple" (flat) terrain, "elevated" (below stack

height) terrain, and "complex” (above stack height) terrain.

The model was used once for the main flare while assuming simple terrain, and

was also used twice using both the simple and elevated terrain options for the

Golder Associates




October 1993 -29- 9236114

auxiliary flare. In the latter case, it was assumed that the terrain is elevated four
meters above the base of the auxiliary flare, or the approximate elevation of the
main flare. Furthermore, the model was also applied twice for the 8-inch utility
flare, using both the simple and complex terrain options. A 46-meter feature,

located 150 meters from the base of the flare, was assumed in the latter case.

The modeled maximum hourly radon gas concentrations for specific maximum
downwind distances are presented in Table 12. The assumptions, input
parameters for the exposure model, and computer printout of modeled radon gas
concentrations, due to landfill gas flare emissions, are included in Appendix C.
An evaluation of the potential health impacts of exposure to predicted gas

concentrations is presented in Section 5.3.1.2
5.2.1.2 Inhalation of Radon in Soils

The air exposure pathway is a viable means of receptor exposure if radioactive
materials are present on the ground surface, and are in a form such that these
materials can be resuspended in the air as dust. If radioactive materials are
contained (i.e., covered with uncontaminated soil or an equivalent material), and
if the cover is stable and not disturbed, then such contaminants will not be
available for erosion and wind transport. Thus, the fugitive dust inhalation
pathway will not be viable. Currently, there are only a few small areas in which
contaminated soils at the adjacent West Lake Landfill protrude to the surface
(RMC, 1982; Lambert, 1992 and 1993). Consequently, swipe samples of buildings
and heavy equipment, and "frisking" of landfill employees for potential
radiological contamination indicate that contaminated fugitive dust is not of

concern at the Bridgeton Sanitary Landfill.

Thus, inhalation of fugitive dust by on-site workers is not considered as a

potential exposure pathway in this assessment.
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The inhalation pathway may be significant if radium-224 or -226 (the precursors
of radon-220 and -222) are present in the soil within the first few feet. Under such
circumstances, radon may migrate to the surface and be dispersed into the air.
Radon emanation from soil is partially a function of the depth of the parent
material (radium), and atmospheric conditions (barometric pressure). Buried gas
collection lines, operating under negative pressure, actively draw radon gas out of
the soils. Under normal conditions, this radon may otherwise have been too deep
to reach the ground surface before decaying. In addition, the radon which could
have conceivably escaped from the soils over a large area at the Site is currently

collected and discharged as point sources in the gas flares.

Radon is known to be present, and is considered to be a potentially significant
contaminant at the Site; hence, the potential inhalation of radon (and its decay

products) in soils by on-site workers has been considered in this assessment.

5.2.2 Soil Exposure Pathway

Ingestion Scenario

The soil ingestion pathway is viable if radioactively contaminated soils in the
landfill are uncovered such that people may come in contact with them. Such
ingestion will be incidental -- resulting from close physical contact with soils. If
the contaminated soils in Areas 1 and 2 of the West Lake Landfill are not
disturbed, and if they are covered with a sufficient amount of clean material, the
ingestion pathway will not be viable. As with the fugitive dust inhalation
pathway, the soil ingestion pathway is not considered to be complete at this Site
because the areas in which contaminated soils are exposed are small and access

by Laidlaw personnel is restricted (RMC, 1982; Lambert 1992 and 1993).

Consequently, the potential ingestion of radioactively contaminated soils by on-

site workers is not of concern.
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5.2.3 Leachate/Condensate Exposure Pathway

Ingestion Scenario

Leachate is collected in a lagoon at the Site where it is aerated before being
discharged into the Metropolitan Sewer District System. Gas condensate at the
Site is collected in a tank located at the main landfill gas extraction system, and
eventually emptied into the leachate lagoon. It should be noted that potentially
contaminated leachate and/or condensate are not ingested by Site employees.
However, as worst- case scenarios, leachate and condensate are considered in this

assessment with respect to potential ingestion.
5.2.4 External Exposure Pathway

An external exposure pathway does not require physical contact with radioactive
materials. Rather, certain types of radioactive materials emit photons (gamma and
X-rays) which can actually penetrate soil, clothing, and skin. The significance of
this pathway is dependent on the type and quantity of radioactive material
present, and the thickness of the uncontaminated soil cover. Most of the
radionuclides present in the landfill do not emit photons, or emit photons that are
of such low energy that they are not highly penetrating. One meter (i.e., 3.3 ft) or
less of clean soil cover is sufficient to shield against these photons. Some of the
radionuclides which are present (e.g., bismuth-214) emit relatively high energy
photons. But these emissions, however, would be completely shielded by 3 meters
(i.e., 10 ft) of soil. Because much of the contaminated soil at the adjoining West
Lake Landfill is currently covered, the external exposure pathway is only
applicable to a few small areas. This pathway is, however, included in this

exposure assessment.
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5.3 Evaluation of Radiation Doses

The evaluation of potential radiation doses to workers at the Site is based on the
conclusions from previous environmental investigations, analytical results of the
current investigation as outlined in Section 3, and the exposure pathway analysis
conducted in Section 5.2 of this report. The evaluation of potential radiation doses

to off-site receptors is based on modeled airborne radon concentrations in flare gas.

5.3.1 Inhalation Dose Estimates

5.3.1.1 Measured Radon Concentrations

By convention, radon exposure is measured in terms of working levels (WL), while
cumulative exposures over time are measured in working level months (WLM).
One WL is defined as that concentration of radon daughters in 1 liter of air which
has a potential alpha particle energy release of 1.3 x 10° MeV (million electron
volts). This is approximately the amount of alpha energy emitted by the short
half-life progeny in equilibrium with 100 pCi of radon. The WLM unit of exposure
is defined as an exposure to an average of one WL for a working month of 170

hours (NRC, 1988).

Working level (WL) meter data indicate that the highest concentration of radon
daughters to which employees may be exposed is 0.0047 WL (detected in the main
office building). This concentration is consistent with other measurements taken

in the same building (0.0037 WL and 0.0023 WL).

Working level measurements were also taken in 1980 by Radiation Management
Corporation (RMC, 1982). The highest levels were reportedly detected both near
and inside the Shuman Building (within Area 2), with a reported maximum of

0.031 WL.
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N

The EPA standard for indoor radon decay-product concentrations due to uranium
and thorium mill tailings (40 CFR 192) is a limit of 0.03 WL, including background,
in any occupied or habitable building. The highest detected WL measurement to
date (within Area 2 in 1980) is only slightly higher than this limit. However,
recent measurements at the Bridgeton Land(fill Site (Table 4) are nearly 10 times

lower than the EPA limit.

Therefore, based on the criterion of 0.03 WL for indoor radon, the above
analytical data indicate that the inhalation pathway at the Site does not pose a

potential threat to the health of workers.

Comparison of radon concentrations in flare gas to radon concentration limits for
homes or buildings is not appropriate because flare gases loft and disperse
significantly before descending to a location where persons may be exposed to
flare emissions. However, because Site personnel may be exposed to flare gases
when servicing gas collection and flare equipment, their potential exposure to

radon in flare gas is considered in this assessment.

Although recommended limits regarding exposure to radon are usually expressed
in terms of WL and WLM, measurements of radon in flare gases are most easily
conducted in terms of radon gas concentrations (in units of pCi/L). This is not a
problem, however, because these limits can be converted into radon
concentrations. For example, the National Council on Radiation Protection
(NCRP, 1993) recommends that remedial action be undertaken when continuous
exposure to radon (e.g., in the home) is expected to exceed an annual exposure of
2 WLM. Assuming that a worker could be directly exposed to flare gases for 4
hours per day, 1 day per week, the maximum concentration to which this worker
could be exposed (without exceeding the recommended limit) is approximately 340

pCi/L of radon. Thus, as long as the radon concentration is less than 340 pCi/L,
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and exposures are less than 4 hr/wk, the recommended limit of 2 WLM per year

will not be exceeded. This radon concentration is calculated as follows:
2 WLM/yr x (170 hr/mo) / (4 hr/wk x 52 wk/yr) = 1.7 WL

The relationship of WL to radon daughter concentration is: 1 WL = 100 pCi/L of
radon daughters (total). As a rule of thumb, the concentration of radon daughters
is roughly half of the concentration of radon gas. Therefore, 1.7 WL is equal to 170

pGi/L of radon daughters, which is equivalent to a radon concentration of 340

pCi/L.

The average radon-222 concentration in the main flare is 173 pCi/L (Table 3). The
concentrations in the auxiliary flare and active fill area flare are smaller (131 pCi/L
and 69 pGi/L, respectively). Since these radon concentrations are less than 340
pCi/L, the recommended exposure level will not be exceeded as long as exposure
to flare gas is not significantly greater than 4 hr/wk. In addition, radon is a
naturally occurring element which is present in all soils at varying levels. Thus,
the presence of radon in the gas collection system does not necessarily suggest that

the contaminated soils is the source of the radon.

The results of air particulate data from an employee performing ground
maintenance activities (i.e., mowing) at the grounds adjoining Area 1 of the West
Lake Landfill, suggest that potential radioactivity in this area is negligible. This
may be attributed to the inherent uncertainties that are associated with the
analytical data. That is, the errors associated with the gross alpha and gross beta
measurements exceed their respective count values (e.g., gross alpha was reported
as 0.2 +/- 05 pCi/L). Thus, the measurements are not significantly different from
zero. Further, the reported gross alpha and beta activities are also less than their

respective lower limits of detection.
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5.3.1.2 Modeled Radon Concentrations.

It is recognized that the combined contributions of three flares and local
topographic effects in the very complex landfill terrain could result in
concentrations many times greater than the SCREEN exposure model results
would indicate. However, the exposure model results are intended to be
interpreted qualitatively to evaluate the potential for air quality problems, and not

as a fine line between acceptable and unacceptable conditions.

It is accepted practice to estimate the maximum 24-hour concentration by
multiplying the maximum one-hour concentration by 0.4 +/- 0.2 (EPA, 1988).
While the EPA will not accept extrapolation from one-hour averages to annual
averages for purposes of demonstrating regulatory compliance, empirical data
produced by the Tennessee Valley Authority indicate that annual average
concentrations may be two orders of magnitude less than the observed maximum

one-hour concentration (Montgomery and Coleman, 1975).

Consequently, a very conservative estimate of the maximum one-hour average
concentration based on the 24-hour average calculated for impaction of the 8-inch
utility flare plume on the edge of the cliff would be 0.163 E-02 divided by 2, or
0.00815 pCi/L. Assuming that the maximum one-hour concentration for each flare
occurred during the same hour at the same location would result in a combined
maximum one-hour concentration of 0.01 pCi/L. Applying even a one-order of
- magnitude correction to extrapolate from the maximum one-hour concentration
to an annual average concentration would result in an estimated annual average
concentration of 0.001 pCi/L, or 3)2 orders of magnitude below the EPA-
recommended 4 pCi/L level.

The salient point to be noted here is that the results of the exposure model

indicate that once the 180 picoCuries of radon gas per liter of landfill gas are
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emitted through the flare and dispersed in the atmosphere, the worst-case one-
hour average concentrations are three orders of magnitude below the EPA's

recommended 4 pCi/L annual average concentration for homes.

Therefore, based on the SCREEN exposure modeling results, it appears that
radon gas concentrations in the ambient air, due to landfill gas emissions from

the flares, will not pose a potential air-quality problem.

Radon concentrations measured in picoCuries per liter of air are only indicative
of the concentration of radon gas. This is because the concentration of radon gas
in air does not reflect the concentration of radon daughters in the air unless the
decay products are in equilibrium with the radon gas, or the extent of equilibrium
is known. The reason why radon gas is an "indoor air quality" problem is because
radon gas emitted outdoors is dispersed by air currents, and is rapidly diffused in
the atmosphere. The radon gas concentration may be relatively unchanged due
to a constant source. There is, however, constant "turnover” of the radon gas with
little, or no possibility for radon daughters to accumulate, or even remotely

approach equilibrium with the parent gas.

This is consistent with the fact that in spite of the 5.9 pCi/L of radon gas measured
in the ambient air at the landfill (Table 3), workers' exposure levels measured in
Working Levels in the same area were all below 0.001 (Table 4). At 50%
equilibrium, 5.9 pCi/L corresponds to approximately 0.03 WL, which is slightly in
excess of the EPA's 0.02 WL action level. However, the observed radon gas and
radon daughter concentrations of 5.9 pCi/L and 0.0047 WL, respectively,
correspond to less than 2% radon/daughter equilibrium, which is entirely

reasonable for outdoor radon emissions.

When radon is trapped in a poorly ventilated uranium mine, or in a basement,

there is sufficient time, however, for the radon to decay to radon daughters which
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may "build-up" and achieve equilibrium with the parent gas. Thus, the 4 pCi/L
radon concentration associated with the EPA's recommended action level of 0.02
WL is, in fact, based upon the assumption that the radon decay products are 50%
in equilibrium with the parent radon gas. It should be noted, however, that it is
only in this case that 4 pCi/L is equivalent to 0.02 WL.

The highest detected radon daughter concentration (0.0047 WL) at the Bridgeton
Site was measured indoors (i.e., in an office). It is appropriate to point out that the
EPA's 0.02 WL action level is based upon an assumed 20 "Working Level Months"
per year spent in the home, whereas occupational exposure limits are generally
based upon 12 Working Level Months. As previously explained, a "Working Level
Month" is the equivalent of one month at work (i.e., 170 hours or 40 hours per
week for one month) while exposed to a radon daughter concentration of 1.0 WL.
Thus, the EPA action level for radon daughters in homes is actually 0.02 WL x 20
months or 0.4 WLM per year. Consequently, if someone were to occupy the office
with the 0.0047 WL concentration of radon daughters, for 170 hours per month,
the resulting exposure would be 0.0047 x 12, or 0.056 WLM.

Any one of the observations and/or results discussed above would, in itself, offer
much in the way of compelling evidence that radon gas emissions do not pose a
potential air quality problem at the Bridgeton Landfill. However, certain results
if taken out of context or examined in isolation would indicate otherwise. It
should be emphasized that the radon gas concentrations measured in both the
landfill gas collection system and the ambient air, the SCREEN exposure model
emission results, the measured worker exposure levels, and the implied radon-

daughter equilibrium levels are all very reasonable and quite consistent.

Thus, it can be concluded from the above discussions that the radon gas

emissions from the Bridgeton Landfill Site, whether from the active landfill gas
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collection system, or due to passive venting, do not pose a potential threat to Site

workers, the general public, or the environment.

5.3.2 Ingestion Dose Estimates

5.3.2.1 Leachate Concentrations

Although leachate is not ingested at the Site, leachate concentrations may be
compared to drinking water standards for the purpose of evaluating the potential
impact on human health, and to the Metropolitan Sewer District limits for
discharge to the sewers to evaluate the potential impact on community water
supply systems. The EPA's proposed maximum contaminant levels (MCLs; 40 CFR
141) for radon-222 and radium-226 are, respectively, 300 pCi/L and 20 pCi/L. As
indicated in Table 9, the maximum detected radionuclide concentrations in
leachate samples are 284 pCi/L (radon-222), 1.4 pCi/L (radium-226), and 84.7 pCi/L
(gross beta activity). In both cases, the maximum detected concentrations are less
than the proposed MCLs. Gross alpha activity was not detected in the analyzed
leachate samples. The results of these analyses clearly indicate that the leachate

at the Site will not adversely impact the quality of potable groundwater.

The Metropolitan Sewer District recommended average monthly discharge limit
for radium-226 is 600 pCi/L (10 CFR 20). It is noteworthy that by comparison, this
limit has not been exceeded by the detected concentrations in leachate samples at

the Site (Table 9).

It can, thus, be reasonably concluded that the discharge of contaminated leachate
into the sewer system will not pose a potential threat to humans or the

environment.
For gross beta activity, the presumptive screen for regulatory compliance is 50

pCi/L in drinking water. The maximum detected gross beta activity of 84.7 pCi/L
(Table 9) exceeds this concentration. This is consistent with the findings by the
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NRC (1988), that several on-site water samples at the West Lake Land(fill, including
all the leachate treatment plant samples, exceeded the EPA drinking water action
level (50 pCi/L) for gross beta activity. However, this does not pose a direct threat
to human health, particularly in the case of reasonably anticipated occupational
exposure scenarios, unless someone were to use the landfill leachate as a primary
source of drinking water. Furthermore, isotopic analyses have indicated that the
beta activity can be attributed to potassium-40 (NRC, 1988). Potassium-40 is a
naturally occurring radionuclide which is present in all soils, and is not usually

associated with radioactively contaminated soils.

Therefore, it may be reasonably concluded that the contribution of any
exogenous radionuclides in the leachate to the (total) impact on human health,

is expected to be negligible.
5.3.2.2 Condensate Concentrations

In the case of potential exposure to contaminated condensate at the Bridgeton
Landfill, the data of the analyzed radionuclides suggest that potential radioactivity
in this medium is negligible because of the associated counting errors reported for
gross alpha and radium-226 (Table 10). Further, (according to information received
from the laboratory) the sample and duplicate analytical data for these
radionuclides are not significantly different from the equipment blank results,

based on a 95% statistical confidence level for counting errors.

The gross beta activity in the condensate sample reported at 10.1 +/- 2.4 pCi/L
exceeds the detection limit of 3.0 pCi/L, and is also significantly higher than the
equipment blank at the 95% confidence level (Table 10). The same is also true for
the duplicate sample. Although the presence of beta emitters in the condensate
at a concentration higher than the sampling equipment blank was reported;
however, this does not suggest that the radioactivity is the result of the

contamination at the Site. Rather, this may simply reflect natural radioactivity that
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is associated with the general geographical location and conditions. In addition,
even though condensate is discharged into the leachate lagoon at the Bridgeton
Landfill, as noted above, leachate is not ingested at the Site. Further, the EPA
drinking water action level (50 pCi/L) for gross beta activity has not been exceeded

by measured condensate concentrations at the landfill.

Thus, it may be concluded that the potential exposure to radiologically
contaminated condensate at the Bridgeton Site does not pose a threat to human

health,

As indicated in Table 10, reported analytical results for radon-222 in the second
condensate sample is 244 +/- 123 pCi/L, duplicate is 309 +/- 125 pCi/L, and
equipment blank is 295 +/- 126 pCi/L. It can be stated that there appears to be no

significant difference between these concentrations because of the associated

counting errors.
5.3.2.3 Transferable Radiological Contamination

The "frisking" of Site employees for potential radiological contamination, and the
conducting of swipe tests on heavy equipment were intended to evaluate the
presence of transferable contamination, which can be a source of incidental
ingestion of radionuclides. The results of these surveys (Tables 5 and 7) indicate
that transferable contamination is of no major concern. This is not unexpected
because the areas of contaminated materials have been well delineated in previous
investigations (RMC, 1982; NRC, 1988), and the areas of surface contamination are
also small. If personnel and equipment are kept out of Areas 1 and 2, the

possibility of personnel contamination will be expected to be negligible as well.

It should, however, be noted that the results of the present surveys clearly
indicate that potential transferable contamination at the Bridgeton Site is of no

major health concern.
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5.3.3 External Radiation Dose Estimatgs

Field survey data indicate the radiation levels to which employees may be
exposed. Table 6 presents the results of the Site external gamma radiation
exposure survey, in units of counts per minute (cpm). For the radiation detector
that was used in this survey, these data can be converted to dose rate levels (in
mrem/hr) by dividing by a conversion factor {200,000 cpm/(mrem/hr)]. Therefore,
the maximum detected dose rate (62,400 cpm at Point 16) is 0.3 mrem/hr. Natural
background radiation levels at the Site are approximately 0.01 to 0.02 mrem/hr
(2,000 to 4,000 cpm). It is important to note that this background dose rate is
consistent with natural external background radiation in the United States (EPA,
1981). Only Points 15, 16, and 17 (located across the access road from the Site
offices) indicate gamma levels above background (Table 6). This is, however,
consistent with the NRC report (1988), which states that only two small regions in
Area 1 showed elevated external radiation levels, with both areas located near the

access road across from the Site offices.

The NRC has recently conducted surveys within Areas 1 and 2 (Lambert, 1992 and
1993). The results of these surveys indicate that the dose rate in Area 1 ranges

from 0.015 to 0.030 mrem/hr, while the average dose rate in Area 2 is 0.10 mrem/hr.

The basic dose limit for the public as recommended by the NCRP (1993) is 100
mrem/yr (continuous exposure) and 500 mrem/yr (infrequent exposure). This
recommendation is similar to the standards set by the NRC (10 CFR 20) and DOE
(Order 5400.5) for protection of the public. Because of the infrequent exposure in

the gamma-contaminated portions of Area 1, the higher of these two limits (500

mrem/yr) is applicable.
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Thus, the detected maximum gamma dose rate of 0.03 mrem/hr, which is orders
of magnitude below recommended exposure limit, suggests that potential

external gamma radiation dose is of no health concern at the Site.

Elevated radiation levels generally indicate that contaminated materials are close
to the ground surface. It should be noted that photons (i.e,, gamma and X-rays)
can impart a radiation dose to internal organs even when the radioactive materials
which emit them are outside of the body. However, by maintaining a sufficient
distance or shielding from photon-emitting radionuclides, one can significantly

reduce or eliminate the potential dose associated with this exposure pathway.

The results of the radiation dosimetry for measurements obtained during mowing
activities at the grounds adjoining Area 1 of the West Lake Landfill were reported
to be below the detection limit of the dosimeter (i.e., <10 mrem). This suggests
that, during the approximatel); seven hours that the dosimeter was worn, an

external gamma radiation exposure was not detected at the Site.
Therefore, in view of the short frequency of exposure during the performance of

mowing activities in this area, the potential exposure to adverse levels of gamma

radiation is not expected to be of concern at the Bridgeton Landfill.
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6.0 CONCLUSIONS

The results of the comprehensive environmental media investigation conducted
at the Bridgeton Sanitary Landfill were used to evaluate specific areas which
appear to have been impacted by the low-level radioactive wastes deposited in
Areas 1 and 2 of the adjacent West Lake Landfill. Elevated radon-222 and gamma
radiation levels are mainly at the LFG collection wells located in the northeast
portion of the Site, and in the area of the office building situated immediately west

of Area 1.

First, the results of the potential health impact assessment at the Site indicate that
recent measurements of radon daughter products, to which on-site workers may
be potentially exposed via inhalation, are nearly 10 times below the recommended
EPA regulatory limit of 0.03 WL for indoor exposure. Furthermore, the results of
modeled radon gas emissions in flares at the Site indicate that worst-case one-hour
concentrations that are three orders of magnitude below the EPA's recommended
4 pCi/L annual average level for homes. Thus, radon gas emissions do not pose

a potential threat to Site workers, the general public, or the environment.

Second, although leachate and/or condensate are not ingested at the Site, the
potential ingestion of leachate- or condensate-contaminated water by on-site
workers was evaluated in this assessment as a worst case exposure scenario. The
maximum detected radionuclide concentrations in leachate or condensate samples
were found to be less than the EPA proposed maximum contaminant levels (MCL)
of 300 pCi/L (radon-222) and 20 pCi/L (radium-226) for drinking water.
Furthermore, the detected concentrations in leachate samples were also well below
the Metropolitan Sewer District recommended average monthly discharge limit of

600 pCi/L for radium-226.
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Third, the results of swipe tests in both office buildings and on heavy equipment
at the Site indicate that the incidental ingestion of transferable contamination is

not a viable exposure route.

Fourth, the results of the radiation dosimetry for mowing activities at the
Bridgeton Site suggest that the potential exposure to adverse levels of gamma
radiation should not be of concern. The natural background gamma levels at the
Site were found to be generally consistent with natural external background levels
in the United States. That is, at points where gamma levels exceeded background,
the detected maximum gamma dose rate of 0.03 mrem/hr would result in an
annual potential dose to Site workers orders of magnitude below the
recommended exposure limit of 500 mrem/yr (infrequent exposure) for the general

public.
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70 RECOMMENDATIONS

Based on the results of the health impact assessment, an extensive ambient air
monitoring program and personnel monitoring program equivalent to that
required for radiation workers (e.g., periodic whole body counts or personnel
radiation exposure dosimetry) is not required at the Bridgeton Sanitary Landfill.

However, the following recommendations have been made:

J A limited environmental media investigation should be conducted
annually to identify any changes in Site conditions, and any
variances from the findings of this report. Such an investigation will
also aid in the delineation of the related influences, and extent of
potential contamination from the adjacent radioactive depositories
at the West Lake Landfill.

J Because the present study is limited to the evaluation of potential
radiological contamination, it would be appropriate to evaluate the
potential health impact on workers for potential exposure to
chemical constituents at the Bridgeton Sanitary Landfill.

GOLDER ASSOCIATES INC.

emi~Adeshina, Ph.D.
Senior Toxicologist/Project Manager

Geo ~Forrest, C.P. Eng.
Associate

Z:OCTFNLTX
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TABLE 1
BRIDGETON LANDFILL HEALTH ASSESSMENT
SAMPLING POINT COORDINATES

Probe # Northing ‘Easting |
1 1,068,978 516,898
2 1,068,905 516,734
3 1,068,845 516,652
4 1,068,728 516,035
5 1,068,770 516,448
6 1,068,745 516,312
7 1,069,060 516,838
8 1,069,140 516,780
9 1,068,950 516,140

10 1,068,865 516,470
11 1,068,961 516,490
12 1,068,850 516,390
13 1,068,932 516,330
14 1,068,832 516,259
15 1,069,300 516,030
16 1,069,361 516,110
17 1,069,230 515,955
18 1,069,160 515,885
19 1,069,420 516,195
20 1,069,180 515,945
21 1,069,980 515,065
22 1,070,100 515,185
23 1,070,250 515,310
24 1,070,410 515,435
25 1,070,550 515,550
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. TABLE 2
BRIDGETON LANDFILL HEALTH ASSESSMENT
SUMMARY OF FIELD DATA
MARCH 10-11, 1993

Sample Location =~ Water Pressure| Methane | Oxygen | Hydrogen Sulfide jRadon-222| Average Gamma
(inches WC) | (% LEL) | (% Vol) (ppm) (pCi/L) (CPM) |
P-1 +6.0 5 NA NA - 3,720 |
P-2 -0.13 21 0.4 2 4.5 4,080
P-3 -3.7 43 0.1 4 17.5 3,780
P-4 -0.13 31 0.8 6 - 3,660
P-5 -0.06 36 6.4 15 1770 3,900
P-6 -0.08 27 1.8 0 73.5 3,720
P-7 NA 20 5.4 45 933 3,480
P-8 0 10 7.4 2 316 3,480
P-9 -0.04 43 0 NA 185 3,840
P-10 0 25 3.4 0 72.4 3,960
P-11 0 29 0.1 4 160 3,540
P-12 NA 40 2.7 9 379 4,080
P-13 +7.4 43 NA NA 52.4 3,900
P-14 +1.7 43 1.9 15 NA 4,200
P-15 +0.12 50 0.1 0 - 11,700
P-16 -0.07 50 0.7 0 750 43,200
P-17 - - - - 1050 12,000
P-18 0 25 6.5 1 - 4,200
P-19 0 39 13.7 26 997 3,300
P-20 - - - - NA 4,680
P-21 - - - - - 2,300
. P-22 - - - - - 2,100
P-23 - - - - - 2,500
P-24 - - - - - 2,400
P-25 - - - - - 2,300
P-26 - - - - - 2,000
P-27 - - - - - 8,500
P-28 - - - - 1,000
P-29 - - - - - 2,100
w-1 -2.25 40 0.5 1 218 3,780
w-2 -3.35 45 NA NA 245 3,660
w-3 -3.6 36 1.4 10 158 3,780
w-4 -3.65 42 NA NA 196 3,600
Ww-5 -4.0 42 0.2 10 130 3,960
w-6 - - - -
w-7 - - - - -
w-8 -6.1 32 NA NA - 3,780
w-9 -7.4 40 0.2 9 - 3,480
wW-10 - - - - - 3,420
NOTES
P-1 = Probe Number
w-1 = Well Extraction Number
wC = Water Column
% LEL = Percent Lower Explosive Limit
Ppm = Parts per Million
pCi/L = Picocuries per Liter
CPM = Counts Per Minute
NA = Not Analyzed

Sample not taken
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BRIDGETON LANDFILL HEALTH ASSESSMENT

TABLE 3

RADON CONCENTRATIONS IN THE LANDFILL FLARE GASES

Location Sample Concentration Average
Identification (pCiL) Concentration at
Number Each Sampling

Location (pCi/L)

F1 166 173

Main Flare F2 181
F3 172
FS1 157 131

Auxiliary Flare Fs2 17
FS3 64.5
HF1 66 69

Hole Flare HEF2 706
HF3 715

Ambient Air 59
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TABLE 4
BRIDGETON LANDFILL HEALTH ASSESSMENT
RADON DAUGHTER PRODUCTS MEASUREMENTS USING
THOMSON & NIELSON RADON WORKING LEVEL METERS

Date Time | Sampling Location Instrument Final Working Level Comments
(initial/ | Time (Ts) Identification Reading1
final) (hr) Number (alpha
counts) | mWL | WL
3/10/93 08:50 7.67 Chevy Pickup-Tim's Truck |8704-61 0.69 0.00069 | Partly cloudy, windy
16:30 31
3/11/93 09:10 7.36 Rex 370A Compactor 9808-381 0.43 0.00043 | Windy, est. 15 mph
16:32 21
3/10/93 to | 17:00 14.17 Mechanics Office Main 8704-61 37 0.0037 | Air monitored overnight
3/11/93 07:10 Building 315
3/1093 to | 17:03 14.15 Employee Breakroom 8908-381 2.34 0.0023 | Air monitored overnight
3/11/93 07:12 Main Building 230
3/11/93 08:08 8.20 Scale House 8908-381 0.11 0.00011 | Temperature 28°C, winds 17
16:20 6 mph
3/11/93 08:35 242 Rex Compactor 8704-61 0.17 0.00017 | Instrument accidently turned
11:00 2 off. Filter was changed and
' monitoring reinitiated
11:30 5.27 0.40 0.0004
16:46 12
311/93 to |17:24 14.13 Westlake Mechanics Shop |8704-61 0.89 0.00089 | Instrument was placed on a
312/93 07:32 76 workbench in main portion of
building and operated
overnight
3/11/93 to [17:26 14.10 Westlake Mechanics Shop | 8908-381 0.73 0.00073 [ Instrument placed on a desk
3/12/93 07:32 71 located in the main floor small
office and operated overnight

File:TABLE4R.wp5 Golder Associates Page 1 of 2



BRIDGETON LANDFILL HEALTH ASSESSMENT

TABLE 4

RADON DAUGHTER PRODUCTS MEASUREMENTS USING
THOMSON & NIELSON RADON WORKING LEVEL METERS

Time
(initial/
final)

| Date

Sampling
Time (Ts)
(hr)

Location

Instrument Final
Identification | Reading’

Number (alpha
counts)

Working Level

Comments

Main Office Building 8908-381 47 0.0047 {Located on floor underneath
14:53 220 the drafting table
3/12/93 08:05 7.50 D-8 Cat 8704-061 0.091 |0.00009 | The CAT was orginally
15:35 4 operating at the demolition

dump but was later relocated to
the active sanitary landfill

operation

!nitial instrument reading was zero for all measurements.
2Shutdown time is estimated.

Note: Milli working level calculated using _"Alpha Counts”

[(Ts - 0.5) x CF]

where Ts is Sampling time {"Final Time" - "Initial Time"]

as specified by instrument manufacturers.

CF is the conversion factor supplied with each instrument units are CPH/mWL for 1 L/m sampling rate. CF for instrument 8704-061 is 6.3
and CF for instrument 8908-381 is 7.2.

File:TABLE4R.wp5
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’ TABLE 5 ,
BRIDGETON LANDFILL HEALTH ASSESSMENT

EMPLOYEE RADIOLOGICAL SURVEY

Beginning of Shift! End of Shift?
Employee Average Peak Count Average Peak Count
Count Rate (CPM) Count Rate (CPM)
(CPM) (CPM)

March 11, 1993

Employee #1° 30s 52 30s 79
Employee #23 30s 77 45 89
Employee #3° 30s 78 40s 80
Employee #4° 30s 98 40s 72
Employee #5° 30s 84 50s 75
Employee #6% 30s 84 35 86
Employee #7° 30s 52 45 94
Employee #8 30s 92 3 >
Employee #9° 40s 90 - -
March 12, 1993

Employee #10’ 45 93 42 92
Employee #117 40 99 42 72
Employee #127 35 94 28 80
Employee #1357 32 80 45 71
Employee #147 40 90 38 60
Employee #157 S8 8 38 102
Employee #16° 42 81 - -

A few employees were already wearing work clothes when surveyed.

2Employees surveyed after end of work shift still wearing their work clothes.
3Employees surveyed at 07:30 hrs. and around 16:30 hrs.

*Employee was surveyed after having worked onsite for a couple of hours.
SEmployee was not surveyed at end of work shift.

®Room background based on surveys of various locations within the mechanics office.
’Employee initially surveyed at shift start between 03:30 and 05:30 hrs., and between
12:30 to 13:15 hrs. at end of work shift.

8Employee was not surveyed at beginning of work shift.

’Room background based on surveys of various locations within the breakroom.
Note: Instrument used - Eberline ESP-1 rate meter and HP-260 GM (Pancake) probe.
Measurements taken with probe between 0.5"-1" from clothing surface.

CPM - Counts Per Minute.
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TABLE 6
BRIDGETON LANDFILL HEALTH ASSESSMENT
GAMMA SURFACE MEASUREMENTS

LOCATION
AVERAGE MAXIMUM
(CPM) (CPM)
Control Panel at Main Flare 3,300 4,140
Header Main Flare 3,600 4,020
Point 1 3,720 4,560
Point 2 4,080 4,260
Point 3 3,780 4,620
Point 4 3,660 4,320
Point 5 3,900 4,380
Point 6 3,720 7,680
Point 7 3,480 4,740
Point 8 3,480 4,260
Point 9 3,840 4,560
Point 10 3,960 4,800
Point 11 3,540 4,140
Point 12 4,080 8,640
Point 13 3,900 7,020
Point 14 4,200 5,700
Point 15 11,700 19,020
Point 16 43,200 62,400
Point 17 12,000 17,040
Point 18 4,200 5,400
Point 19 3,300 4,260
Point 20 4,680 7,200
Well 1 3,780 4,860
Well 2 3,660 4,320
Well 3 3,780 5,940
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TABLE 6

BRIDGETON LANDFILL HEALTH ASSESSMENT

GAMMA SURFACE MEASUREMENTS (cont.)

File:TAB

LE6.wp5 Golder Associates

T LOCATION
AVERAGE MAXIMUM
(CPM) (CPM)
Well 4 3,600 4,440
Well 5 3,960 5,640
Well 8 3,780 5,520
Well 9 3,480 4,200
Well 10 3,420 4,980
NW Corner of Area 1 4,020 4,380
Main gate 2,160 2,820
Westlake Mech Bldg. - SE exterior 1,500 2,000
Westlake Mech Bldg. - SW exterior 1,200 1,400
Westlake Mech Bldg. - NW exterior 1,100 1,300
Westlake Mech Bldg. - NE exterior 1,000 1,200
Blue & White Bldg. - SE exterior 1,500 1,900
Blue & White Bldg. - SW exterior 1,400 1,800
Blue & White Bldg. - NW exterior 1,500 1,800
Blue & White Bldg. - NE exterior 1,700 2,000
Adjacent to Area 2 - Point 21 2,300 2,800
Adjacent to Area 2 - Point 22 2,100 2,300
|LAdjacent to Area 2 - Point 23 2,500 2,800
Adjacent to Area 2 - Point 24 2,400 2,700
Adjacent to Area 2 - Point 25 2,300 2,500
Adjacent to Area 2 - Point 26 2,000 2,500
Adjacent to Area 2 - Point 27 8,500 20,000
Adjacent to Area 2 - Point 28 1,000 2,000
Adjacent to Area 2 - Point 29 2,100 2,400
Lagoon control panel area 1,800 1,900
Lagoon-dock approach 1,800 2,200
Page 2 of 3



TABLE 6
BRIDGETON LANDFILL HEALTH ASSESSMENT
GAMMA SURFACE MEASUREMENTS (cont.)

LOCATION
AVERAGE MAXIMUM
(CPM) (CPM)

Lagoon-dock 700 900
Lagoon-north bank 1,900 2,200
Lagoon-south bank 2,000 2,200
Lagoon-east bank 1,950 2,200
Lagoon-west bank 1,900 2,200
Lagoon-boat 1,900 2,200
Background level measured 2,300 2,300
approximately 5 miles from landfill
CPM - Counts per Minute
Note: Instrument used was an Eberline ESP-1 and gamma scintillation
probe. Readings taken with probe held between 6" and 18" above soil
surface.
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TABLE 7
BRIDGETON LANDFILL HEALTH ASSESSMENT
DETERMINATION OF TRANSFERABLE CONTAMINATION

LOCATION ALPHA COUNT
EVENTS
(Count time is 30 sec.)
Locker Room, Locker #22 4
Main Office, Floor Underneath Desk 5
Office Computer Desk 0
Lunch Room, Table 0
C-10 Pickup 0
Office Building, SE Corner, exterior 4
Laidlaw Fuel Truck, Top of Fender, Front Left, 0

Id #144427

Laidlaw Waste Oil Truck, Top of Fender, Left Front 0
Laidlaw Mechanics Truck, Top of Fender, Left Front 0
Laidlaw CASE Mini-Front End Loader, Left Front 1
Frame Member

REX, Interior, Top of Panel 0
REX, Exterior, Door 1
CAT #973, Adjacent to Lift Controls 2
Westlake Mechanic's Shop, Interior, Top of Metal 0
Locker Door

DYNAPAC CA15, Top of Instrument Panel 0
Guard Shack, Exterior, SW Corner 2
Stake 15, Located Paralle] to Area 1 Boundary 5
Background (Mechanic's Office Desk) 0

Note: Wige samples represent amount of transferable contamination per 100
cm® area. Samples monitored using an ESP-1 rate meter and alpha
scintillation probe.
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TABLE 8A

BRIDGETON LANDFILL HEALTH ASSESSMENT
RADIOACTIVE PARTICULATE MEASUREMENTS FOR
WORKER EXPOSURE DURING MOWING ACTIVITY

" Analyte Concentration (pCi/L)
I Gross Alpha, total 0.2

Gross Alpha, total 0.5

error, +/-

Gross Alpha, total 08

lower level of detection

Gross Beta, total 0.5

Gross Beta, total 0.9

error, +/-

Gross Beta, total 1.5

lower level of detection

TABLE 8B

BRIDGETON LANDFILL HEALTH ASSESSMENT

GAMMA RADIATION EXPOSURE TO

WORKER DURING MOWING ACTIVITY

II Date Time Location Results
! 8/19/93 1:05 to 4:00 pm Outside of the monitoring
area for approximately 15
minutes. Gamma
diati
8/27/93 2:50 to 4:15 pm Area adjacent to Area 1 Radiation Not
AR . Detected at
(using "brush hog"). Dosimeter
9/7/93 3:50 to 4:50 pm Area adjacent to Area 1 Detection Limit
(using "brush hog"). of <10 mrem
9/10/93 3:45 to 5:10 pm Area adjacent to Area 1
(using "brush hog").

File: TABLEBAB.wp5
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TABLE 9

BRIDGETON LANDFILL HEALTH ASSESSMENT

LEACHATE SAMPLING RESULTS

Sample Analyte Concentration

Number (pCVL)

Al-A Radon-222 240

Al-Duplicate Radon-222 284

Al-B Radon-222 266

Equipment Radon-222 Below detection

Blank limit (206 pCVL)

2A-1,2,3 Gross Alpha Below detection
limit (19.3 pCi/L)

Equipment Gross Alpha Below detection

Blank limit (2.0 pCi/L)

2A-1,23 Gross Beta 84.7

Equipment Gross Beta 4.8

Blank

2A-1,23 Radium-226 14

Equipment Radium-226 Below detection

Blank limit (0.6 pCi/L)

Golder Associates
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BRIDGETON LANDFILL HEALTH ASSESSMENT

TABLE 10

CONDENSATE SAMPLING RESULTS

Equipment
Analyte Sample Duplicate Blank Concentration
I

First Condensate Sample

Gross alpha 36 Not Detected Not Detected pCi/L

Gross alpha, 2.6 24 1.0 pCi/L

error, +/-

Gross alpha 33 3.2 1.6 pCVL

detection limit

Gross beta 10.1 54 1.1 pCiL

Gross beta 24 2.1 Not Detected pCvL

error, +/-

Gross beta 3.0 29 25 pCVL

detection limit

Radium-226 0.4 Not Detected Not Detected pCVL

Radium-226 0.5 0.5 03 pCi/L
. error, +/-

Radium-226 0.8 0.8 0.5 pCi/L

detection limit

Second Condensate Sample

Radon-222 224 309 295 pCV/L

Radon-222 123 125 126 pCiVL

error, +/-

Radon-222 197 198 200 pCi/L

detection limit
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TABLE 11
BRIDGETON LANDFILL HEALTH ASSESSMENT
WIND SPEED AND STABILITY CLASS COMBINATIONS
USED IN THE SCREEN EXPOSURE MODEL

Stability Class 10-meter Wind Speed
(mv's)

1 23 45 8 10 15 20

¥ % X ¥ % x
¥ % X x5 x »
% % X ¥ % x5
* * X »
*
»

x 4% x % %

TmQONwW>

(rural only)
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TABLE 12
BRIDGETON LANDFILL HEALTH ASSESSMENT
MAXIMUM HOURLY RADON GAS CONCENTRATIONS AND DOWNWIND
DISTANCES OBTAINED FROM THE SCREEN EXPOSURE MODEL

“ Maximum 1-Hour Conc. Downwind Distance
(pCi/L) to Maximum (Meters)
Main Flare (simple terrain) 0.92 x 107 233
12" Aux. Flare (simple terrain) ' 0.133 x 102 150
12" Aux. Flare (elevated terrain) 0.178 x 102 129
8" Utility Flare (simple terrain) 0.116 x 10 194
8" Utility Flare (complex terrain) 0.163 x-10°2* 150

*Maximum 24-hour average concentration at point of plume impaction on edge of cliff.
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October 1993 A-1 923-6114

APPENDIX A

REVIEW OF REGULATORY STANDARDS AND GUIDELINES
FOR RADIOLOGICAL EXPOSURES

A review of pertinent regulatory standards and guidelines for occupational and
public exposure to radioactive materials was conducted. Some of these regulations
and guidelines may be applied to the operations at the Laidlaw Waste Systems

landfill.

Existing regulations and guidance for allowable exposure levels for radon gas,
radon decay products and ionizing radiation were reviewed. The following
regulations and guidance documents were reviewed:

National Council on Radiation Protection and Measurements -
Recommendations on Limits for Exposure to Ionizing Radiation

29 CFR 1910 Occupational Safety and Health Standards
10 CFR 20 Standards for Protection Against Radiation

Depar-tment of Energy Order 5400.5 - Radiation Protection of the Public and
the Environment

40 CFR 192 Health and Environmental Protection Standards for Uranium
and Thorium Mill Tailings

40 CFR 141 National Primary Drinking Water Standards
40 CFR 61 National Emission Standards for Hazardous Air Pollutants
30 CFR 57 Safety and Health Standards - Underground Metal and
Nonmetal Mines
Summary of Regulations and Guidelines

National Council on Radiation Protection and Measurements - Recommendations
on Limits for Exposure to Ionizing Radiation

For public exposures from man-made sources, excluding medical and natural
background, the NCRP recommends an annual effective dose equivalent of less
than 100 mrems. The NCRP recommends that remedial action level for exposure
to radon and radon decay products (radon daughter products) should be less than
the equivalent of 2 Working Level Months (WLM). One WLM is defined as an
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average concentration of 4 pCi/L of radon if the radon decay products are in 50%
equilibrium with the radon gas, for a period of 170 hours. Working Level (WL)
is a commonly used unit of exposure and it refers to the concentration of radon
decay products that emit a specific quantity of ionizing radiation when radon
daughter products decay.

29 CFR 1910 Occﬁpational Safety and Health Standards

Subpart G of Occupational Health and Environmental Control, Section 1910.96,
stipulates ionizing radiation guidelines similar to standards presented in 10 CFR
20. The regulations under this standard establish exposure levels for restricted
areas which may not exceed the following levels:

1) 1.25 rems per calendar quarter to the whole body

2) 18.75 rems per calendar quarter to the hand, forearms, feet and
ankles

3) 7.5 rems per calendar quarter to the skin of the whole body

Restricted is defined as any area where access is restricted by the employer for the
purpose of protecting employees from exposure to radiation. Under these
guidelines exposure to an individual does not take into consideration protective
clothing, equipment or particle size. The above doses may only be exceeded if the
dose to the whole body does not exceed 3 rems in any calendar quarter, and the
dose to the whole body when added to the accumulated dose does not exceed 5
rems multiplied by the individuals age minus 18. The employer is required to
maintain past and current exposure records to show that doses do not exceed the
limit. Calendar quarter is defined as any three month period consisting of 13
consecutive calendar weeks.

The guidelines also stipulate that no employer shall possess, use or transport
radioactive material that causes any employee, within a restricted area, to be
exposed to airborne radioactive material in average concentrations in excess of the
limits established under 10 CFR 20, Table 1 of Appendix B. This applies
specifically to employees who are over 18 years of age. The limits established
under 10 CFR 20, Table 2 of Appendix B apply to individuals who are less than
18 years of age. The limits given in Table 1 are for exposure to the concentrations
specified for 40 hours in any work week of seven consecutive days. For
individuals under 18 years of age, concentrations may not be averaged over any
period greater than one week. Airborne radon-222 concentrations presented in 10
CFR 20, Tables 1 and 2 of Appendix B are:

. Radon-222 in Table 1, column 1 is 3x10® uCi/mL. The regulatory
standard states that a value of 0.33 WL may be substituted.
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. Radon-222 exposure limit for individuals under the age of 18 as
defined in Table 2 of Appendix B is 3x10® uCi/mL. An alternate
value of 0.033 WL may, however, be used.

All employers are required to inform employees working regularly or frequently
in any portion of a radiation area of the occurrence of radioactive materials, and
also inform employees of safety problems associated with exposure. The employer
must inform the employee of precautions and personal protection equipment
available to minimize exposure, and shall have available, upon request, copies of
these regulations along with operating procedures. Employers shall maintain
records for employees that are exposed above 25 % of the applicable allowable
values for adults. They are also required to maintain records for minors exposed
in excess of 5 % of the above noted limits. Employers shall also advise employees
of their exposure rate annually.

10 CFR 20 Standards for Protection Against Radiation

This regulation establishes standards for protection against radiation that may
result from occupational exposure at facilities licensed by the Nuclear Regulatory
Commission (NRC). This standard does not regulate facilities that are not licensed
by the NRC.

Permissible doses, levels, and concentrations are established in Section 20.101 for
individuals in restricted areas. Restricted areas means any area where access is
restricted by the NRC licensee for the purpose of protection of individuals from
exposure to radiation. NRC licensed users of radioactive material shall not allow
any individual in a restricted area to receive in any period of one calendar quarter
a total occupational dose in excess of:

1) 1.25 rems to the whole body; head and trunk; active blood forming
organs; lens of the eyes; or gonads

2) 18.75 rems to the hands, forearms, feet and ankles

3) 7.5 rems to the skin of the whole body

During a calendar quarter the whole body dose shall not exceed 3 rems,
and the dose to the whole body when added to the accumulated dose shall
not exceed 5 rems multiplied by the individuals age minus 18.

Section 20.103, sets limits for exposure that individuals may receive from
concentrations of radioactive materials in air, in restricted areas. NRC licensed
users may not allow any individual to inhale a quantity of radioactive radon-222
over the period of one calendar year in excess of the level identified in Appendix
B, Table 1, Column 1. The value for radon-222 is 3x10® uCi/mL. The standard
states that a value of 0.33 WL may be substituted. When assessment of an
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individuals intake is necessary, intakes less than those that would result from
inhalation for 2 hours in any one day or for 10 hours in any one week at uniform
concentrations specified in Table 1, Column 1 of Appendix B need not be included
in such assessment, provided that any assessment of exposure in excess of these
amounts, the entire duration and quantity of exposure is included.

NRC licensees, as a precautionary procedure shall implement process or
engineering controls, to the extent practicable to limit concentrations of radon-222
to 3x10® uCi/mL in any room. This exposure level applies also to enclosed or
operating area, or when averaged over the number of hours in one week during
which individuals are present. Further, the concentrations shall not exceed 25%
of the radon-222 level of 3x10® uCi/mL established in Table 1, Column 1, Appendix
B.

Section 20.105 sets permissible exposure levels of radiation in unrestricted areas
that members of the public may receive as a result of exposure to radioactive
material. The standard states that no individual shall receive radiation levels in
excess of 0.5 rem over any period of one calendar year; 2 mrems in any one hour
if the individual were continuously present; or if the individual were continuously
present, would result in receiving an exposure in excess of 100 mrems in any seven
consecutive days.

Section 20.106 sets radioactivity levels in effluent released into areas accessible to
members of the public. NRC licensees shall not allow the release of radioactive
radon-222 to unrestricted areas in excess of 3 pCi/L as defined in Table 2, Column
2, of Appendix B, averaged over a period of not greater than one year. An
alternate value of 0.033 WL may be used. These concentration limits apply at the
point where the radioactive material discharges from a vent or stack. If the stack
discharges in a restricted area the concentration may be measured at the area
boundary.

Department of Energy Order 5400.5 - Radiation Protection of the Public and the
Environment

The Department of Energy (DOE) has established a system of "Orders" to insure
compliance with federal regulations. DOE Order 5400.5 establishes maximum
allowable exposures that any member of the public may receive as a result of DOE
activities. The DOE order incorporates most of the cleanup and control standards
established under EPA's 40 CFR 192 regulations.

The DOE limits are based on a maximum allowable effective dose equivalent of
100 mrems per year. The DOE Order establishes the allowable exposure to
members of the public from airborne emissions that result from DOE activities to
be less than 10 mrems. This level is established by EPA regulation under the
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Clean Air Act in 40 CFR 61, Subpart H. The order establishes limits for radon and
its decay products in terms of concentrations Working Levels. The allowable
airborne concentration is set at 3 pCi/L. The standard for airborne radon decay
products is 0.02 WL in any habitable structure. However, in any case the radon
decay product concentration shall not exceed 0.03 WL.

40 CFR 192 Health and Environmental Protection Standards for Uranium and
Thorium Mill Tailings

Standards for the Control of Residual Materials from Inactive Uranium Processing
Sites, Subpart A, requires that residual radioactive material in tailings piles or
stabilized tailings be controlled in a way that provides protection from health
hazards associated with uranium tailings. This section specifies that control be
effective for up to 1,000 years, to the extent achievable, and in any case no less
than 200 years. Control measures are to provide reasonable assurance that releases
of residual radioactive material to the atmosphere shall not exceed an average
release rate of 20 pCi/m2/sec. Releases of radon-222 shall not cause the radon-222
concentration in ambient to increase greater than 0.5 pCi/L.

Subpart B, Standards for Cleanup of Land and Buildings Contaminated with
Residual Materials from Inactive Uranium Processing Sites, applies to land and
structures that are part of any site containing residual radioactive materials.
Remedial actions at inactive uranium processing sites shall attain to the extent
practicable, indoor radon-222 concentrations in any building of less than 0.02 WL,
and at no time exceed 0.03 WL. The standard also specifies that indoor gamma
radiation shall be less than 20 micro R/hr above background. Cleanup of land
surface over any area greater than 100 square meters shall not exceed 5 pCi/g of
radium-226 averaged over the first 15 cm of soil below the surface, and 15 pCi/g
averaged over 15 cm thick layers below the surface.

40 CFR 141 National Primary Drinking Water Standards

The requirements of the National Primary Drinking Water Standards establish
maximum contaminant levels (MCL) allowed in drinking water, as measured at
the tap. Current and proposed maximum contaminant levels established for
specific radionuclides are presented below:

Radon-222 An MCL has not been established; however, an MCL of 300
pCi/L has been proposed.

Radium-226 The current MCL is 5 pCi/L for a combination of radium-226
and radium-228. An MCL of 20 pCi/L has been proposed for radium-226.

Golder Associates
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Gross Alpha Activity The current MCL for gross alpha activity is set at 15
pCi/L. A proposed MCL is based on an adjusted gross alpha activity and
is set at 15 pCi/L.

Gross Beta Activity The average annual concentration in drinking water
shall not produce an annual dose equivalent to the body greater than 4
mrems per year. A proposed MCL of 4 mrems effective dose equivalent per
year has been published.

40 CFR 61 National Emission Standards for Hazardous Air Pollutants

The National Emissions Standards for Hazardous Air Pollutants (NESHAPS)
establishes standards for the emission of radionuclides including radon. Subpart
B establishes annual radon emission limits to the ambient air at levels that would
not result in any member of the public from receiving an annual effective dose
equivalent of 10 mrems. Subpart Q sets emission limits for radon resulting from
Department of Energy facilities. Subpart T sets emission standards for releases of
radon resulting from the disposal of uranium mill tailings and Subpart W sets
emission standards from operating uranium mill tailings. Subparts Q, T, and W
have established the same limit of 20 pCi/m2/s.

30 CFR 57 Safety and Health Standards - Underground Metal and Nonmetal
Mines

These regulations address ionizing radiation, including radon decay products and
gamma radiation. Air Quality, Radiation, and Physical Agents - Radiation for
Underground Mines, Subpart D, specifies that exhaust air from mining operations
must be sampled to determine radon daughter concentrations. If radon daughter
concentrations in excess of 0.1 WL are found in the exhaust air sample, the
employer shall monitor the employee breathing zone for radon decay
concentrations every two weeks at random times in all active areas. Where
uranium is not mined, the workers breathing zone must be monitored at least
every three months until radon decay product concentrations are below 0.1 WL.

Annual exposure limits are not to exceed 4 WLM for any individual, and at no
time shall any active worker be exposed above the maximum permissible
concentration of 1 WL, unless proper respiratory protection, as defined in the
standard, is being used. Areas where radon decay product concentrations exceed
1 WL shall be restricted to authorized personnel only.

Z:APXADOCT/DRS
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LABORATORY

TESTS
03/18/93

RESULTS

DATE RECEIVED: 03/11/93

| AMPLE WUNBER: 1 TIME RECEIVED: 09:20 SAMPLE DATE: (03710793 SAYPLE TIME: 09:15
:lPROJECT: Al-A BRIDGETON,923-6114.002 SAMPLE: A1-A BRIDGETON,H20 LEACHATE REM: WATER

AWPLE MMBER: 2 DATE RECEIVED: 03/11/93 TIME RECEIVED: 09:20 SAMPLE DATE: 03/10/93 SANPLE TIME: 09:15
'Im.nscr: A1-DUP BRIDGETON,923-6114.002  SAMPLE: A1-DUP BRIDGETON,H20 LEACHATE REM: WATER
» AMPLE NUMBER: 3 DATE RECEIVED: 03/11/93 TIME RECEIVED: 09:20 SAMPLE DATE: 03710793 SAMPLE TIME: 09:15
lPROJEC?: A1-8 BRIDGETON,923-6114.002 SAMPLE: A1-B BRIDGETON,H20 LEACHATE REM: WATER
_ AMPLE WUMBER: & DATE RECEIVED: (3/11/93 TIME RECEIVED: 09:20 SAMPLE DATE: (03/10/53 SAMPLE TIME: 09:10
{PROJECT: EQUIPMENT BLANK,923-6114.002  SAMPLE: EQUIPMENT BLANK REM: WATER -
;MLE NUMBER: s DATE RECEIVED: 03/11/93 TIME RECEIVED: 09:20 SAMPLE DATE: 03/10/93 SAMPLE TIME: 12:10
JrrosecT:  F1,923-6114 SAMPLE: F1 REM: GAS

L MUMBER: 6 DATE RECEIVED: 03/11/93 TIME RECEIVED: 09:20 SAMPLE DATE: 03/710/93 SAMPLE TIME: 12:15
T aO%ECT: £2,923-6114 SAMPLE: F2 REM: GAS
IRadon 222 error, +/- 129 131 130 129 3.6 3.8  [pcist
" adon 222 LLD 203 204 205 206 0.9 0.9 lpcist
1)
i
i
420 West First Street
Cesper, WY 82601
: . (307) 235-5741
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: AMPLE MUMBER: 7 DATE RECEIVED: 03/11/93 TIME RECEIVED: 09:20 SAMPLE DATE: 03/10/93 SANPLE TIME: 12:23

'IPROJECH F3,93-6114 SAMPLE: F3 REM: GAS

AMPLE MUMBER: 8 DATE RECEIVED: 03/11/93 TIME RECEIVED: 09:20 SANPLE DATE: 03/10/93 SAMPLE TIME: 12:00
IPROJECY: FIELD BLANK,923-6114 SAMPLE: FIELD BLANK REM: AMBIENT AIR
JAMPLE MUMBER: ¢ DATE RECEIVED: 03/11/93 TIME RECEIVED: 09:20 SAMPLE DATE: 03/10/93 SAMPLE TIME: 13:00
lPROJECT: Fs-1,923-6114 SAMPLE: FS-1 REM: GAS
. AMPLE NUMBER: 10 - DATE RECEIVED: 03/11/93 TIME RECEIVED: 09:20 SAMPLE DATE: 03/10/93 SAMPLE TIME: 13:05
_IPROJECY: F5-2,923-6114 SAMPLE: FS-2 ) REM: GAS
"JSAMPLE NUMBER: 11 DATE RECEIVED: 03/11/93 TIME RECEIVED: 09:20 SAMPLE DATE: 03/10/93 SAMPLE TIME: 13:05
g"ROJECT: F5-3,923-6114 SAMPLE: FS-3 REM: GAS

Q NUMBER: 12 DATE RECEIVED: 03/11/93 TIME RECEIVED: 09:20 SAMPLE DATE: 03/10/93 SAMPLE TIME: 09:15
" ROJECT: 2A-1,2,3;923-6114.002 SAMPLE: 2A-1,2,3 REM: WATER

YesT DEscRl
. iadon 222 172 5.9 157 171 6.5 pCizt

Radon 222 error, +/- 3.7 0.9 3.5 3.7 2.3 pCist
. adon 222 LLD 0.9 0.9 0.9 0.9 0.9 pCist
quross Alpha, total : 5.6. peist
S7rogss Alpha, totsl, error, 4/- 12.3 pCisl
. ‘'ross Alpha, total, LLD 19.3 pcist

Gross Beta, total 84.7 pei/sl

iross Beta, total, error, +/- 13.7 pCist

Gross Bets, totsl, LLD 16.3 pcist

adfum 226, total 1.4 pcist

Radium 226, totsl, error, +/- 0.6 pcist

edium 226, total, LLD 0.5 pci/sl

420 West First Street
. Casper, WY 82601
) (307) 235-5741
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LABORATORY TESTS RESULTS

03/18/93
. AMPLE WUMBER: 13 DATE RECEIVED: 03/11/93 TIME RECEIVED: 09:20 SAMPLE DATE: 03/10/93 SAMPLE TIME: 09:10
|PROJECT: EQUIPMENT BLANK,923-6114.002 SAMPLE: EQUIPMENT BLANK REM: WATER
_ AMPLE MUMBER: 14 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME: :
IPROJECT: 923-6114.2/LAIDLAM/BRIDGETON SAMPLE: WELL 4,LAIDLAW/BRIDGETON LANDFILL/D REN: LANDFILL GAS
., AMPLE MUMBER: 15 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME: :

IPROJECT: 923-6114.2/LAIDLAW/BRIDGETON SAMPLE: POINT 19,LAIDLAW/BRIDGETON LANDFILL/MD REM: LANDFILL GAS

"SAMPLE NUMBER: 16 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME: H
“7ROJECT: 923-6114.2/LAIDLAW/BRIDGETON SAMPLE: WELL 3,LAIDLAW/BRIDGETON LANDFILLAD REM: LANDFILL GAS
; SAMPLE NUMBER: 17 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME: :
© ROJECT: 923-6114.2/LAIDLAW/BRIDGETON SAMPLE: POINT 6,LAIDLAVW/BRIDGETON LANDFILL/MO REM: LANDFILL GAS
.MER: 18 OATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME: H
. '‘ROJECT:  923-6114.2/LAIDLAW/BRIDGETON SAMPLE: WELL 5,LAIDLAW/BRIDGETON LANDFILL/MD RENM: LANDFILL GAS
. 'edon 222 ) 196 w7 158 pei/st
lhdan 222 error, +/- 5.5 12.2 4.9 3.5 4.5 peist
adon 222 LLD 1.8 1.8 1.8 1.8 1.8 pCist
Gross Alphs, total 0.1 ) pcist
" ‘ross Alpha, total, error, ¢/- 1.2 pcist
«ross Alpha, total, LLD 2.0 pcist
Jfross Beta, total 4.8 pCisl
iross Bets, total, error, ¢/- 2.0 pCist
{Gross Bets, total, LLD 2.9 pci)l
- adium 226, totel 0.2 peist
Iladhn 226, totel, error, +/- 0.4 pCistL .
adium 226, total, LLD 0.6 pci/zt
K
I 420 West First Street
: Casper, WY 82601
. - (307) 235-5741
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CORE LABORATORIES

A Lon/Dresser Compary

LABORATORY TESTS RESULTS
03/18/93

' WHPLE MUMBER: 19 DATE RECEIVED: 03/13/93 TINE RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME: 12:20
. PROJECT: 923-6114.2/LAIDLAM/BRIDGETON SAMPLE: NOLE FLARE 1,LAIDLAW/BRIDGETON LANDFILL/ IEI LANDFILL GAS

AWPLE WUMBER: 20 OATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SANPLE DATE: 03/11/93 SAMPLE TIME: 12:20

PROJECT: 923-6114.2/LAIDLAV/BRIDGETON SAMPLE: MNOLE FLARE 2,LAIDLAN/BRIDGETON LANDFILL/ REN: LANDFILL GAS
. AMPLE NUMBER: 21 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SANPLE DATE: 03/11/93 SAMPLE TIME: 12:20

PROJECT: 923-6114.2/LAIDLAM/BRIDGETON SAMPLE: MNOLE FLARE 3,LAIDLAW/BRIDGETON LANDFILL/ REM: LANDFILL GAS
‘qoAMPLE NUMBER: 22 DATE RECEIVED: 03/13/93 TINE RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME: H
JOROJECT: 923-6114.2/LAIDLAW/BRIDGETON SAMPLE: POINT 14,LAIDLAW/BRIDGETON LANDFILLND REM: LANDFILL GAS

SAMPLE NUMBER: 23 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME: :

CT:s 923-6114.2/LAIDLAN/BRIDGETON SAMPLE: POINT 16,LAIDLAW/BRIDGETON UIDfILLID REM: LANDFILL GAS

SAMPLE NUMBER: 24 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME: H
ROJECT: 923-6114.2/LAIDLAN/BRIDGETON SAMPLE: POINT 9,LAIDLAW/BRIDGETON LANDFILL/MD REM: LANDFILL GAS
: adon 222 66.0 70.6 n.s N/A 750 185 pcist

Radon 222 error, +/- 3.3 3.4 3.4 N/A 10.6 5.3 pCist

adon 222 LLD 1.8 1.8 1.8 N/A 1.8 1.8 pCi/l
!

420 West First Street
- Casper, WY 82601
(307) 235-5741
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LABORATORY TESTS RESULTS
03/18/93

10:00 SAMPLE DATE: SANPLE TIME:

SAMPLE WUMBER: 25 DATE RECEIVED: (3/13/93 TIME RECEIVED: 03711793

'lPROJECT: 923-6114.2/LAIDLAM/BRIDGETON SAMPLE: POINT 8,LAIDLAW/BRIDGETON LANDFILL/® REM: LANDFILL GAS

SAMPLE MUMBER: 26 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SANPLE DATE: 03/11/93 SAMPLE TINME: 3
l PROJECT: 923-6114.2/LAIDLAW/BRIDGETON SAMPLE: POINT 10,LAIDLAW/BRIDGETON LANDFILL/MD REM: LANDFILL GAS

SAMPLE WUMBER: 27 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME:
PROJECT: 923-6114.2/LAIDLAW/BRIDGETON SAMPLE: POINT 11,LAIDLAW/BRIDGETON LANDFILL/WD REM: LANDFILL GAS

| _SAMPLE MUMBER: 28 DATE RECEIVED: 03/13/93 TINE RECEIVED: 10:00 SANPLE DATE: 03/11/93 SAMPLE TIME:
PROJECT: 923-6114.2/LAIDLAVW/BRIDGETON SAMPLE: POINT 7,LAIDLAW/BRIDGETON LANDFILLAD REM: LANDFILL GAS

" [SAMPLE MMBER: 29 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME:
{ PROJECT: 923-6114.2/LAIDLAW/BRIDGETON SAMPLE: POINT 5,LAIDLAW/BRIDGETON LANDFILL/WD "REM: LANDFILL GAS

' 'MER: 30 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME: t
MOJECT: 923-6114.2/LAIDLAW/BRIDGETON SAMPLE: POINT 12,LAIDLAW/BRIDGETON LANDFILL/MD REM: LANDFILL GAS

I

* tedon 222 316

i
Radon 222 error, +/- 7.0 35 5.0 11.9 16.3 7.7 pcist
" ladon 222 LLD 1.8 1.8 1.8 1.8 1.8 1.8 pCi/l

420 West First Street

Casper, WY 82601
l (307) 235-5741
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: © LABORATORY TESTS RESULTS
g 03/18/93

SAMPLE NUMBER: 31 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SANPLE DATE: 03/11/93 SAMPLE TIME:

PROJECT: 923-6114.2/LAIDLAN/BRIDGETON SAMPLE: POINT 13,LAIDLAW/BRIDGETON LANDFILL/MD REN: LANDFILL GAS
. BAMPLE MUMBER: 32 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME: :
PROJECT: 923-6114.2/LAIDLAN/BRIDGETON SAMPLE: WELL 2,LAIDLAW/BRIDGETON LANDFILL/MD REM: LANDFILL GAS
. BAWPLE MUMBER: 33 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME: H
PROJECT: 925-6114.2/LAIDLAN/BRIDGETON SAMPLE: WELL 1,LAIDLAW/BRIDGETON LANDFILL/MD REM: LANDFILL GAS
SANPLE NUMBER: 34 DATE RECEJVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME: -
.IPROJECT: 923-6114.2/LAIDLAM/BRIDGETON SAMPLE: POINT 17,LAIDLAW/BRIDGETON LANDFILL/MD REM: LANDFILL GAS

" [SAMPLE MUMBER: 35 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME:

OROJECT: 923-6114.2/LAIDLAW/BRIDGETON SAMPLE: POINT 20,LAIDLAW/BRIDGETON LANDFILLAD REM: LANDFILL GAS

I‘ MUMBER: 36 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME:

PROJECT: 923-6114.2/LAIDLAW/BRIDGETON SAMPLE: POINT 2,LAIDLAN/BRIDGETON LANDFILL/MD REM: LANDFILL GAS

" ledon 222 52.4 245 218 1050 /A 4.5 pLisl

Redon 222 error, +/- 3.0 6.2 5.8 12.7 N/A 2.8 peist
" tadon 222 LLD 1.8 1.8 1.8 1.8 /A 1.9 pci/L

420 West First Street
Cesper, WY 82601

‘ (307) 235-5741
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tadon 222 17.5 pcisl
IRedon 222 error, +/- 2.0 pCi/t
" tadon 222 LLD 1.9 peist
420 West First Street
. Cesper, WY 82601
(307) 235-5741
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LABORATORY TESTS RESULTS
03/18/93

JAMPLE WUMBER: 37 DATE RECEIVED: 03/13/93 TIME RECEIVED: 10:00 SAMPLE DATE: 03/11/93 SAMPLE TIME: :
PROJECT: 923-6114.2/LAIOLAYW/BRIDGETON SAMPLE: POINT 3,LAIDLAW/BRIDGETON LANDFILL/D REM: LANDFILL GAS
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i QUALITY ASSURANCE REPORTY
03/18/93
) ANALYSIS DUPLICATES REFERENCE STANDARDS MATRIX SPIKES
i
ANALYSIS ANALYSIS  |ANALYSIS ANALY2ED DUPLICATE |RPD or TRUE PERCENT ORIGINAL SPIKE PERCENT
TYPE SUB-TYPE 1.D. VALUE (A) [VALUE (B) |C|A-B)]) VALUE RECOVERY lVALI! ADDED RECOVERY

TECHNICIAR:JG
x31AB0311 | WD
STANDARD  [LCS LCs1A0311 | 28.9 32.0 %
: SPIKE ns 930407-13 | 167 0.1 160 104
joeLicate v 930407-13 § 0.1 0.7 150

MB MB1ABO311 ND
) LCs LCS180311 16.6 17.0 8
i SPIKE NS 930400-3 76.7 [ ) 85.0 90
i DUPLICATE [ ] 930407-13 4.8 2.2 T4
" ¢BLANK ] MB4R60315 ND
STANDARD Les LC2R60315 15.2 15.0 101
SPIKE MS 930421-1 104 68.9 37.5 oL
" DUPLICATE w 030404-2 1.8 1.8 0
420 West First Street
Cesper, WY 82601
. (307) 235-5741
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‘[7££ CORE LABORATORIES

Western Atlas
International

A Lmor.'Dresaer Compam
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'5/5& CORE LABORATORIES

Western Atlas

International
A Lown *Dresser Company

QUALTITY ASSURANCE FOOTER
03/18/93

MC = Mot Calculable due to values lower than the detection Limit
ND = jot detected at level in Llimits colum

(2)
3)
4)
()
(6)

EPA 600/4-79-020, Methods for Chemicsl Analysis of Water and Wastes, March 1983

EPA SW-846, Test Methods for Evalueting Solid Waste, Third Edition, November 1986

Standards Methods for the Examination of Water and Westewster, 16th, 1985

EPA/6004-80-032, Prescribed Procedures for Measurement of Radioactivity in Drinking Water, August 1980
Federal Register, Friday, October 26, 1984 (40 CFR Part 136)

EPA 600/8-78-017, Microbiological Nethods for Monitoring the Envirorment, Deceaber 1978

HOTE - Deta reported in QA report may differ from values on date page due to dllution of sanple into snalytical nnoes.
NOTE - The “TIME ANALYZED® as indicated in the QA Report may not reflect the actusl time of snalysis.

The ®DATE ANALYZED" {s the actual date of anslysis.

420 West First Street
Cesper, WY 82601
(307) 235-5741
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. g Ao CORE LABORATORIES
International

A Linon ‘Dresser Comoany

o A ' _ t@J; (72
Slgﬁzzare Date

Name: Dr. John M. DeHart

Core Laboratories, Inc.
420 West First Street
Casper, WY 82601

Title: LABORATORY SUPERVISOR

The anatyses. oprruons or mterpretstons contained in thus 1epont are BaSEO UOGN DDSENANONS aNd Materal Suppied by the chient for whose exClusive and contidental use NS 1epOf has been made The
sent the bes! og! ol Cove L Core L

©F OEenIONS repre-
Yy prooe ope .o
Ofher mine:at. Property, weil o $ANG In CONNECIION WITh which SUCh FEPOT 15 USEC OF FEed UPON 10 BNy r6asON Whatsosve' T repon shalt not be rEHrOCUCEO EICRDX in M entirely. without the wrtten approval o Core Laboratones
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"/" . CORE LA‘BOFIATDRIES

international
A Loor:/Dressen Company

LABORATORY TESTS RESULTS
07/19/93

SAMPLE NUMBER: 1 OATE RECEIVED: 06/28/93 TIME RECEIVED: 09:31 SAMPLE DATE: /7 / SAMPLE TIME:

PROJECT: LAIDLAW-BRIDGETON, MO LANDFILL  SAMPLE: CONDENSATE REM: WATER
SAMPLE WUMBER: 2 DATE RECEIVED: 06/28/93 TIME RECEIVED: 09:31% SAMPLE DATE: /7 / SAMPLE TIME: :
PROJECT: LAIDLAW-BRIDGETON, MO LANDFILL SAMPLE: DUPLICATE REM: WATER
SAMPLE NUMBER: 3 DATE RECEIVED: 06/28/93 TIME RECEIVED: 09:31 SAMPLE DATE: /7 / SAMPLE TIME: :
PROJECT: LAIDLAW-BRIDGETON, MO LANDFILL  SAMPLE: EQUIPMENT BLANK REM: WATER

SAMPLE NUMBER: 4

o

JRedon 222 — -~ 1230 815 pCist
—JRadon 222-eFFOr; Sz oo e 425 - ) 419 pCisl
—{Redon 222 LLD T L 667 672 - | 683 ' pCi/t
Gross Alpha, total 3.6 , 3.1 0.4 pCi/l
Gross Alpha, total, error, +/- 2.6 2.4 1.0 pCi/l
Gross Alpha, toteal, LLD 3.3 3.2 1.6 pCi/l
Gross Beta, total 10.1 5.4 1.1 pcisl
Grass Beta, total, error, +/- 2.4 2.1 1.5 pcist
Gross Beta, total, LLD 3.0 2.9 2.5 pCist
Radium 226, total 0.4 ND ND pcisl
Radium 226, totsl, error, +/- 0.5 0.5 0.3 pcist
Radium 226, totel, LLD 0.8 0.8 0.5 pCisl
420 West First Street
Casper, WY 82601
. (307) 235-5741
PAGE: 1
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Western Atlas
International

CORE LABORATORIES

A Unon ' Dresser Company

QUALITY

ASSURANCE

REPORT

07/19/93

JOB NUNBER

ANALYSIS DUPLICATES REFERENCE STANDARDS MATRIX SPIKES
ANALYSIS ANALYSIS ANALYSIS ANALYZED DUPLICATE |RPD or TRUE PERCENT ORIGINAL SPIKE PERCENT
TYPE SUB-TYPE 1.0. - LUE ( VALUE (B) (IA-B]) VALUE RECOVERY VALUE ADDED RECOVERY

BATCN NUMBER 136040
TECHNICIAN.JG

MB2AB0702

BLANK B ND
STANDARD  [LCS LCS1A0702 | 30.0 34.0 88

SPIKE NS 931154-3 | 147 0.4 170 86
DUPLICATE  {MD 9311541 3.6 4.7 27

PARAMETER BATCH NUMBER: 136044
REPORTING LINIT/DE: - TECHNICIAN: JG
BLANK M8 MB2ABO702 1.0

STANDARD  [LCS Lcs1B0702 | 22.8 2.0 95

SPIKE NS 931154-2 | 117 5.4 120 93
DUPLICATE  |MD 931154-1 10.1

PARAMETER :Radium 22
REPORT]NG unn/or

DUPLXCATE

MB2RE0706

LC1R60706
930990-9
930990-53

7.4

19

60.0 96

2.8

115

PARANETER:Redon” 222
REPORTING ‘LIMIT/DF: "1

ATE/TIME’ ANALYZED
ETHOO- REFERENCE

BATCH NUMBER: 136446
- TECKNICTAN:NRF

931154-2

The analyses. opmons of interpretations ComManed in ths repor are based Upor obiservanons and material suppied Dy the cher for whose eaCiusive and conioenlial use this repor has been made The
sént (he best juogment of Core Laboratones. Core Laboraiones howeve:. assumes NO respongibiy and Makes NO warTanty O redéeseatons express of IMpPled. as o the

DUPLICATE MD 815 882 8
420 West First Street
Casper, WY 82601
l (307) 235-5741
PAGE:2
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‘W!r/-n'Aés ‘ CORE LA‘BDRATDFIIES

. international
A Lon {Dresser Company

QUALITY ASSURANCE FOOTER
07719793

NC = Not Celculable due to values lower than the detection limit
ND = Not detected at level in limits column
* in the “TECHN" colum signifies that the asnalysis was performed by a subcontract laboratory

(1) EPA 600/4-79-020, Methods for Chemical Analysis of Water and Wastes, March 1983
(2) EPA SU-846, Test Methods for Evaluating Solid Waste, Third Edition, November 1986
(3) Standards Methods for the Exemination of Water end Wastewater, 16th, 1985
(4) EPA/6004-80-032, Prescribed Procedures for Measurement of Rediocactivity in Drinking Water, August 1980
(5) Federal Register, Friday, October 26, 1984 (40 CFR Part 136)
(6) EPA 600/8-78-017, Microbiological Methods for Monitoring the Envirorment, December 1978
NOTE - Date reported in QA report may differ from values on dats page due to dilution of sample into analyticel ranges.
NOTE - The “TIME ANALYZED" as indicated in the QA Report may not reflect the actual time of analysis.
The “DATE ANALYZED" is the ectual date of analysis.

420 West First Street
Casper, WY 82601

‘ (307) 235-5741

PAGE:3
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CORE LABODRATORIES
Wastern Atlas

international e e e e e e e

.- FAX NUMBER:

pate: "].‘ 27313

Thic transmission consists of !! j; pages, including cover.

coMpANy: Goidre. 4 PSsociades

FROM: Kewsr, L St

CORE LABORATORIES
A Division of Western Atlas International
420 Waest First Street

. Casper, Wyoming 82601

(307)-235-5741
Fax Number (307)266-1676

All analytical reports. interpretations, or information faxed by
Core Laboratories to its customers are preliminary data only!
Cue to the problems that can occur with the tranemission of data
via fax, Core Laboratories will not guarantee or assume any
responsibility for the tollowing transmissicn of data.

If any of the following information is not legible or clear, we
encourage our customers to verify the data by phoning our office
immediately or by examination of the final analytical report.

Please call at the above number
1f there is a problem with this transmission or if you do not
receive the total numker of pages.

MESSACE:

429G West F rst Svasl. Casper, Wyoming 82601-2408 (307) 235-5741
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CORE LABORATORIES

LA2ORATORY TESTS RESULTS
[2T/95

CLIENT 1.0.........2 BRIDGETOM (AIDLAU/MO LABGRATORY [.D...: 931552-0001
DATE SAMPLED.......: 08/19/93 DATE RECEIVED....: 08/20/93
TINE SNPLED.......z : - TIME RECEIVED....: 09:17

WORK DESCRIPTION...: AREA 1-§1 REMARYKS..........: FILTER

R

M EN NS

Groas Alpha, total 0.2 pCi/filter EFA 900.0 08/25/95 JG“—-
Crogs Alpha, total, error, +/- 0.5 pei/filter 08/25/93 i
Cross Alpha, tetsl, LLD 0.8 pCi/filter 08/25/93 Jg
Cross Bets, total 0.5 pCi/filter EPA 900.0 08/25/93 J6
Gross Geta, total, error, +/- 0.9 pCi/filter 08/25/93 J6
ncross Seta, total, LLD 1.5 pCi/tilter 0B/25/93 JG

420 West First Street
Casper, WY 82601
(307) 235-5761

. PAGE:1
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CORE LABORATORIES

o ————

QuatL:rTY CONTROL REPORT

0e/27/9%
ANALYSLS OUPLICATES REFERENCE STANDARDS MATRIX SPIKES
ANALYSIS ANA ANALYSIS  (ANALYZED  [CUPLICATE (RPD or PERCENT OkIGINAL  [sPIKE PERCENT
Type we RECOVERY VALUE ADDED RECOVERY

I.b, VALUE (A) JVALUE (8} |(JA-8])

EARAARTEp dro

le{l‘@ﬂ! LA

BLANK L] mm ND

STANDARD \CS LCG2A0823 33.2 34.0 ]

$PIkE s 931527-2 150 1.3 170 ar
DUPLICATE  [W0 ¥31542-1 2.6 0.2 ”m n

. A
R PR AR

BLANK na MB4AB0B2S 1.0

STANDARD Lcs LCS28082% 21.4 2.0 &9

SPIKE ns 931527-1 113 2.0 120 9
DUPLICATE  [MD 931542- 1 1.9 1.3 r

420 weAt First Street
Cagper, WY 8260%
(307 335-5744

. PAGE:2
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CORE LABORATORIES

Western Atias

. lneern?siqnal e e e
I'AX NUMDBER: '

Date: /Z -27 "7.?

This transmission consists of 1 pages, including cover.

FOR:

CoMPANY: _ GotPer. L PSsociames

FROM: ___ ?—64#?«;1 L.sthaa

CORE LABORATORIES
A Division of Western Atlas International
420 West First Streect

. Casper, Wyoming 82601

(307)-235-5741
Fax Number (307)266-1676

All analytical reports, interpretations, or information faxed by
Core Laboratories to its customers are preliminary data only!
Due to the problems that can occur with the transmission of data
via fax, Core Laboratories will not guarantee or assume any
recsponsibility for the following transmission ot data.

If any of the following information is not legible or clear, we
encourage our customers to verify the data by phoning our office
immediately or by examination of the final analytical report.

Please call . at the above number

if there is a problem with this transmission or if you do not
receive the total number of pages.

MESSAGE:

420 West Frst Straet, Caspar, Wyoming 82601-2408, (307; 235-5741
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CORE LABORATORIES
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LABORATORY TEBTS RESULTS
ov/27/v3

CLIENT !.Dissocnssct LAIDLAW BRIDGETON LANDFILL LABORATORY 1.D...: 931549-0001
DATE SANPLED.......: 08720/93 DATE RECEIVED....: 08/23/93
TINE SANPLED,......: 13:20 TINE RECEIVED..,.: 08:20

MORX DESCRIPTION...? "‘ RERARKS .cvoceveoat UITER

adon 222
Redon 222 error, +/- 123 pCist 09727193 s
facon 232 LLD 197 ) peizn 09/27/93 s

420 west Firgt Street
Cs . WY 82501
(307> 235-374%

PAGE:Y
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CORE LABORATORIES
Wtarnationsi

. A Lo Dopne Cotgady e

LABODRATORY TESTS RESULTS
09727793

doe _‘i‘c‘i‘:‘w

,:‘)VQM

CLIENT [.Dieorusesst LAIOLAW BRIDGETON LANDFILL LABORATORY 1.D...: 931549-0002
TE SAMPLED.......: 08/20/93 OATE RECEIVED....! Q8/23/93
TINE m..-.-n! '3:10 ' TIME RECEIVED.,.,: 08:20
DESCRIPTION.. .t OUPLICATE REMARKS ... 0.n.. .t WATER

AT R

Raclon 222

Radon 222 arror, ¢/-

Redon 222 LD

620 West First Streat
sper, WY 8260
(307) 235-5761

PAGE :2
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CORE LABORATORIES

LABORATORY TESTS REBULTS
00/27/93

CLIENY 3.0.......047 LATDLAV BRIDGETON LANDEFILL LABORATORY 1.0...: 931349-0003
TE SANPLED.......: 08/20/9% DATE RECEIVED....: OA/23/93

F:! SAWLED.,.....2 13:12 VIME RECEIVED....s 0B:120

MORK DESCRIPYION, ..t ECUIPNENT BLANK RENARKS. ......0a05 WATER

l-dnn m 295 1 ptist 00727793 ns
Redon 222 ervor, ¢/~ 126 . pCisz\ 09/27/93 Qs
Redon 222 LLD 200 peist 09/27/93 ns

&20 West Firat Street
Casper, WY B260%
(307) 533-37¢9
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SANENG THE REPOAT

L Jons of £ ane, not suffick . DE Tis fitm baoge ts to have been shiaklsd during " ‘| DOSIMETER TYPE USED (COLUMN 5) i
e i R EER 7 e N e e e Tl
: g atos data lngl‘cal n(%a 00s8 at icm dep"'\ : I8 X GAMMA BEA nsrr—m% |'4':. g
:ngg:to :lq:gsaimi i. Vaauld mot mﬂad the 0, dose beolge dnsepg; DF nis b:zn pa_ma ars %o have been mmkphcsd n G K GMMA BETA FAST NUTAON orECTANG 14 num -
E 8”00'“%""' the g8 dose® repcred ks nol en quandti- 2 reUT .
“5 e osed- ThB 3cm epll‘l rathers lmn at 1. @oaeplh fafive detemmination, but Is only an indication that the 5;.3:«:"-@ EAST NEUTACH o o 3
nd quamrt!'olo lhal T R'NG BADGE READINGS badge was expased. H X ouoia, r#_sﬁcswm\ (773 ﬁ:‘ THS0ML HEUROR A
dy on noo d s ate vocottad as 3 snallow dosa as 1 X Davn SETA FAST HEUR b THEFMAL FEUTRON .
ST a dlle lo na fow snergy x-raya DG Although this fim packet was sightly Ightsiruck, x Anaces ki O e D
: ,' tlon 1acloru ot x-fayg v.gab?t? .?a'm'&%‘é"‘l'fé ", there %o be o epparent & on the reading. E '-__L“o‘o uc" : U0 ES TR
i . . oh EAST N b
b e et o poss,b,, 3 more @ocraly MISMIGIAIN 18 . DH. The beta-pamma background on this fim badge was "B X SAR b A e ar
d be sltoed in a  too high to give a valfd fast neutron reading. R EACTA Gaveae. REUTRON o¥E. TRALET: LY
psriod. The control . s s % :e;a. GAARAA. KELITROM INE- TRAKER! frD. > Capgy
om the dosirmgter 8. GENERAL RADIATON EXPOSURE GUIDES* D} This reading Is based on SO-150KV x<my. This fim Wi ADES E
ko Inclyde a control IYPE.OF EXPOSIRE GUDE vALUZ _badge appears tg be defective; plaese retum holder for 2 “Em-"‘x,'."",""" <0 CanT omn )
P33UrS 10 ﬂrlud‘mlon ‘Anols bacy; nead & tumk; 1250 miluerrs per . guarter: * replacement. -1 g&m; “MERMAL WELS %
Cl n (:] - - 3 j z 2 CHPS, FAST NEUTROA REU L g .
oo o ol oyeor gunady 1000 milms o pumieg 5 DV This fim packet is 100 ofd to process. , SRR -
ATED ndes quan I ) £ ADDMONAL BETA CAL
> .. :Mm a:c&nhmx ::cumr: . -DL. Tnis contral packet appsars fo have besn placed in a . AT M G 5 -
l’t‘“‘::';'ﬂmw s dz o doss to the whole body doss not  ~ - badge holder, indicating possible misuse. May we remind SURECT T3 VY. AP ACCFETILATON o
:avnmy depends on orceed 5000 mitrems x (ege-16) you fhat 1he value of the contrct lims is tost if used for é
diation. GARDRAY* *  parsonnel moniloring or other radiafior measuremoent :AD“I‘;‘ON ?::Lm mu"l“n o o o Ea
. _ . , The ‘obowi s pre provided to idend ypes in
“;:;T'::dm ?n"'e,"g Skin 3t whote bty 7500 wittews  pst quantar PUIFOSES some casungmvrgivs o radigtior contribatirg to the dose equiv-

LY? "fitm dosimelers ’lens.

utem. All fast and
s have a minimum
imeters for thermal

Hard, tovearms . ‘ot

18,750 mifervs per quarter DR This film appears 10 have been exposed from the rear
and atkles .

of the badge. P « = or gorwa T3y XpCEYD. P My be fofbwed by an H foe high

bse of 10mrem.

:! the meadings of
; and reported to
‘o8 zero. Calerdar

y conform to NRC

‘onsidering stasning
.chosen.

ATA

iniormatlon for re-
{ other segulaory
ve tofals may have
g fhe tolals from
ndments are made
preseniative of the
uppleirentary cata
axpostre originally
eifher overstate or
v _badge assigree.
diton of previoys
| use of the partic-
| may also be re-

ALENTS

bnt from al radin-

:m') in soft tissue.

and attonuallon
3ccm

1 mate?el specilied
n Radiglion Units
9 equivalent is the
&t appioximaely
lissue. Slmdar o
ihallow dose equiv-
+ the body is con-
contldered_ oquiv-
@ shallow cose as
if the whole body.

posures to x or
shallow value re-
f ihe X or gamma

*U.SN.RC. reguiafions, Title 10, Part 20, Code of
Fedeal Regulations (9-1-78). NOTE: Certain stales and
cther regulatory agences may tollow guides that are
cifferent from the abave.

COLUMN REFERENCES
NOTES (COLUMN &)

ABSENT

This (m appears to have been daraaged by Hght. The
accuracy of ary reading given would be affected there-
by.

This MMm 1s to have baon damaged by moisture.
The accuracy of any roading given would bo offected
thereby.

Thies (im eppsars to have beon damaged by chemical
fogoirg. The eccurecy of any teading given would be
affected thereby.

This dosimeter appears to have been manufactured
faultily. The accuracy of any reading given would te
allectec thereby.

“This iilm apprars (0 have been dameged by heat o

pressure. The accuracy of any reading glven voud be
affected thereby.

- Evidente of contam natlon.

This fim packe! appears to have baon exposed out of
the badge, therefole, the value given Is based on a high
energy gamma cakbration and & vald only if the ex
posure were due 10 high ensrgy gamma. if it were due

. _lobetapamclu.orlmrenemxcrgammrays, the

value ropo-tod may be inaocurate.
This film packet s panta¥y Bghistruck. There s

- apparently a dose recorded, however, no exact gquanti-

{ative determination can be made. The reported doss is
the maxi mum received.

0S Amounts shown in columns 8 & 9 have been pema-

nentfy sublracted fior cumulalive totals at customer's
request.

DT Amounis shown in columns 8 & 0 havwe been psrma-

nenfly adced to cumulative totals at customer's ne-
quadt.

DU Amounts shown in colurmns 8 & B have been sup-

plisc by customer for psiiod prlosr o Inceplion of
Landauer service anc have besen permanently added te
cumlative iotals.

DV Amounts shown n ocolumne 8 & 9 am provious life-

Ime exposuses supplied by customer 2nd have been
psrmanently edded 1o cumulative fotals.

DY Other comment - Ses 2tiached note.

DZ Other commem - See attached rote.

’ liregdar sxposure.

E-3 Due to the lregular exposurs the effective enorgy

cannot be properly determined and the dosage s

ottimatod artitrerily based on 60 to 150 PKV x-reys as

, probeble source of exposure. If different energy, the
: value reperted will not be the acteral dosage.

. €2 Due o the lrregulas exposure the efieclive energy

cannl be properly determined and the dosage Is
estimated abitrarlly based on gamma or x-ay over
430KeV as probable source of axposure. If differord

. energy, the value repoted will not be the actual

dosage.
Unusad.

e

m oOw>»

- Dosage 4a:a supplied by cistomer

oM

orergies (betweor
tow Bnorgies (lzes thar 107 keV aeflective).
Be1z oarticts gxposue.

Heutron sxposure. N may be follomed by an F for last and
irdermediste erorgy neLtrons or a T far tnermal neutrons.

Combined exsosure due 1o both x > gamma rays and bela
oarictes. The betn parficls dose Wi de printed as a sscord ine
i the shailow dose column and codea ss D, Indicefing that tha
secorc (16 is the bety dosa companant ol the corrbinred
shalaw dose.
Como.red exnosure st k= x Or ganuna regs and rautrans. The
noutren dose i be prated 33 a second Gine .o (ho desp dose
coiLT.r, This Gine wi- D8 coded aa NF or NT, indicating t1at the
s8ccad lira is the dose due I fast ard interrredizie enewgy
neutrons o- themal neutrons. respecbvel y.
ADJUSTMENTS (COLUMN 16)
Acjustmenis made to cumiiatve tolals with this or previ-
Bus report sl custoriar req sest.
Additiona
Budlactiors
Additions & Subiractions
Dosage data suoplied by customer far period prior to In-
capilon A _andauer service,

period prior 1o in-

sepilon of Laidaver service; addiuond changoa hava also
baaen maza.

Previous li{esime exsecswre suppled by customer.

Previgusg litetime exposure suppliad by customer: addithan-
al changes have also been made.

UNUSED PEF;MISSIBLE ACCUNULATED DOSE

lwmmu\leﬂmm)utLl’m

(COUMN 17
Unless virth d ate ard litecme exposure records are mmﬂ:d by
e custorres, nc velues a1e reported in votumn 17.
Is au;;p:'a: gl?“cﬂﬂefulce betwoen g;o participent’s m‘x';
oars, 1 230 greater thas 18) is moRtiplisd b
Fﬂ:n tris. we aubtgrac‘ the »ai’hu: shown in c::lp{lmn IYS The
resu is thet vatue given in column 17: [5000 {Age-18}cohumr
14 ] The velug in caiumn 17 Is corputec monthly, Pacmiesitie
vatu2s arg based ca Jansary 8, 1957, racommendations of (he
Nationel Committes cn Radiation Prolection and Measuio-
ments. These values are given lor lota! body exposures only.

£6-

6

¢ AVEe

ERVICES ARE TESTED BY PRINCIPAL TESTIN

USTRY: STANDARDS.

120SSY ¥3d109

LANDAUER DOSI
CURRENT. CONS

’;‘;’mg'v’gﬁ,’l,",‘;‘ R: /DD .This fitm badge appears to have been shisfded during
i aqu valent. Bota exposure. The dose reported i3 not an exact quaniita- ~ not authorized reporfing of doses. A separste ‘eport
nallows dose eguiv- live deternination, but only an indication that the centaining the doses lor this dosimeter will be forth-
1 - - badge was exposed. : * coming.

LANDAUER

Landaaer. frc. 2 Science Road Gleawood. Nlino:s 61M25-1586 Telephure: (708) 755-RMM Facsimite: {H)8) 7557014

. G'} Dosimeter recelved and processed. Quafity control has INCEPTION DATE DF PERMANENT TOTAL (COLUMN 21)

Avzileble I © lent modiiicetion to mest spectic ad-ministrativa
reguiremen:s and may not ref:ect actual beginning date of ac-
Sumuliated otals.

6 /€ #:8LL0 ©LT 609
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. DEEP AND SHALLOW

EXPLANATION AND REMARKS CONCI

1." ABOUT RT

This ri Ihe deep and shalik
for ni based cn the .
to which the badge or dosimeter
prerrise is that the radlation which
s Closely related in both gquality a
rag.ation” which exposed that par
which 11e dosimeder was worn,

USE OF CONTROL DOSIMETER

A control dosimeter is included wi
dosimoters ag 8 means lo dstenm
teceivad durng ‘ransd, and shou
1adiztion-frae a“ea during the wear
dosimeter rescing is subtracted |
1sading; of each patticipant. Faliure .
dosimeter with your retum shiow
wil not allow us lc assess transil e:
and such transit doses vill be raf
cmpant dose.

. NINIVUM DOSZ EQUIVALENT AEP

Dose equiva‘erts for the curent m
low the minimum measurabie quant
"M". The minimum measurable qu
Fe dcsimeter l\&e and quality of ra
‘'im ard TLD doesimetfers h a
vaive of 1Dmrem fc: x an
fc* energelic beta partici
have 2 min.mum reportir.g
modsrate 2netgy neulron
rspor:ag dose of 20mren. dos
reuticrs bave & mmimum reporting ¢

CUMLLATIVE TOTAL DATA

Curuiative fotals equal tha sum .
gosimetars returned for processis
dale ‘finimal exposures are
que-lars a<e selecled 1o mos: near
and slate recordirg requiramens ¢
dale and length of monitoring perods

. ADIUSTMENTS TO CUMULATIVE D

To ad p;?et preseniaton of
cords  req.r by tte NRC ant
Sodies. a—erdnents to the cumu atl

oeen mage increasing or dscraash
fnase :mgmallr raported. Sucth amo
&t the -equest of an authorzed re
cent and ame orly to reflect s
demorsiraiing lhal 19 dosimeter
oxcurred in such 8 manner as o
tndessiate fhe lrus dosage Ic tiw
{Feter ‘o edjusiment colurrn} Ad
expcere prior lo commencament o
ular dosimaier assignmen! reporec
flecied n the cumulelive iotal

The deep dome is the
tiors at a deph of 1cm (
Consicered are the effects of bu

o’ rediatior i t.e body as estimau
dameler sohere o’ tisste eguivalen
by the Infemationa Commusion ¢
and Measurements. The shallow dos
dese equiva'snt from all mediationg
0.307cm depth ﬂn%lcmfl In sch
deep dose, 'he conwbulions 10 th2 ¢
alent from radiatlon scattsred wwthir
ssderec. The cemp dose sheuld be
elent to the vihole oody dose ard It
eq.ivaert lo the dcse to the skih ¢

Dose squivaients arsing from @
gama rays wil! have a desp and
ported. Ded:te.'\cmq on the anergy o
rays, 11e deep end shatow vslues r
equal. For neutron expcsures, the
pored ic: lhe deep and ghallow dot
egrp('isa.les are only ‘epoted as a s
aient.

{4
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' — ) Golder Associates | AIR ORING DATA SHEET

Date —=22- 75 Sheet_/ of

. Job Name LOLAN Job Number _Z. &2/ Y
Location L. "'455 / QoL ey
Timeln_____TimeOut ______ Weather Temp. Wind D. \
instrument Type Serial No. '
Calibration Gas instrument Reading_________ SparvGairvRF Setting

and Concentration « i more than one instument is used, dozument calibration procedures and resufts for each additional instrument i
recommendations section below and indicate the instrumeni used (8y. OVA, 361, OVM, etc.) for each observavon.

Time Statlon Instr.* Reading Procedure/Observations/Comments

A 4 K
Hl’mc S‘fﬂ/l Al ie 36 7/ et X

S"’Q/i?lf //;r/ Fl- (227

//’f)’{c'/l’< J,u(/lfS 0";‘:7’ 24

_a.s0 e
X i 6
v_psz s
0.50 v
0.sv 3 .
45 [ ppa
o7 L0 L] Al Bt 3L Tl by AUt tots e
"g',(, il 1 $prndue” cou e GED [ FedReE reeT) MAIV e ve
218 J415 F2 t
~13 423 F3 - . i
Tt §S-5 1" J£L5F
M (.9 %
— A E PrT F.S 270 S0 At s 43700
(e ssups iﬂaégg’é aT_ :
-~ Q.0¢ 16
| ARABLE 5
o _Lope ~5.07 2125
o LS F5—/ (AMPLLE (el TBD v SukZ [iyapait. dovie™
Recommendations
oS” (5 FS-Z. N [
(515 S0 -3 v
A'Sl{ H’?b m&‘ ) MsA 3¢l

TPy Temp S eF[ioflel TS peernts = 1] miher wjpher
. pH 55

o Printed Name . Signature
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. Date 24 ZFL_ sheet_/ o~

‘ Job Name - )/ L/(e /0’\/ Job Number S523-/75 o2
Location £ c/qr’ femy i, Hole flovt
TimeIn——____Time Out____Weather (e Temp. Wind D. 44/ v /S -z:;/) {
Instrument Type 252 56/ ' . Serial No.
Callibration Gas 4.~ 2z 2 svegnomm Instrument Reading 2 { 365 Span/GairvRF Setting

and Concentration « i more tan one insoument is used, dozument calitration procedures and results for each addivonal instrument i
recommendations section below and indicate twe instrument used (6. OVA, 361, OVM, etc.) for each observation.

Time *  Station Instr.* Reading Procedure/Observations/Comments
Ue lac.' };/ //""0’f’/5f< (? //( 7% (/17(/1_1‘\ e'/’ /34;/' J)pouon:/z €54 "’/1/
23 /J’ Ll”.r /:(4)% ﬁwa—. /E5ves /‘

‘Q;thwé 47 8% w?’ J:r /MVA(—IMCf

.32 at 4" oaf
032 st £ ont
L/—)L /F/’/f'/"l

()—> —-)H—z-w»aa- 42 % e

' //'1";/"7 J’é/ I))’ 8(/(1 /( 2+ ’7"‘41/5 LAY 1/01?‘4'."/'-1 /C’(}'[/j(f
; > VA

Recommendations

- Printed Name Signature
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Golder Associates |. AIR ORING DATA SHEET

' Date .2=/0-93 Sheet_)_of_|
. Job Name_L&p_mw /gf-oe:e/bm/ Job Number _723-8114 ¢C 2
: Location _&_J-;Mia/a/qﬁ Lan /(;" YS 25 A Ln éérg.&\ , /)’f.'«/)e lew e G

Timeln —__TimeOut_______ Weather Temp. Wind D. Vv

Instrument Type Serial No.
Calibration Gas Instrument Reading________ Span/Gain/RF Setting

and Concentration «  mors than one instrument is used, dozument calibration procedures and resufts for each additional instrument in
recommendations section below and indicate ¢ instrument used (6y. OVA, 351, OVM, etc.) for each observaton.

Time Station Instr.*  Reading Procedure/Observations/Comments
1w 4¥ A 35452 S209-6 1 LD Royrn  Lack grownck — & 4rt
/% /T 3~0-98 /gd.(nf/ff L/ \/q/ —!.-//a»\ ’//“5//
pg—
1o £55AT 3-90-5% $2¢9-61 ('AN/\/ €-/¢ Frmice™® J{Fc D2 _
E\-E*EL >3 psr -/~ 93 S/ ceantc Tir  TRuc A.T'A/e-sﬂ// j:'ay/{v L/ c«/ﬁ /4//',‘,{,
7“ z ﬁf 2-/¢-53 X Jog -If / Lex S22 / - /U.mo{(/ P X‘.(//l’ 0
v\\ét\ 20T 2/ counts 32¢-/7 w P <« bhkck SC.

v{:: /ov*v( /f: /,Mn A'/lr——'_g;/’ 4//._._
yov ! cf/v /f"ﬁ

}Eﬂ 3 Lom 5T £204-41 [rhe ban s /ZQ//'{ jee ﬂrz/é Ao rﬁﬁ( 54/,
\\Lf(’\ 4 fir 5}/S cuals KI
L OO0 S X WL
Start 3% pm PST £i0 8- 381 Rre b Kerion
d Losh 5% PST 250 22ck
) 003 7[4./'4

> 17 ok ___J0z\5 sP

Shak (% o (ST _31-93 £50F-2F) CF 22 LocadoA wy Scefo A de
Coassh 2¥em AT A :

Elut B350 PST 27/-63 Fl04-4) ¢t 43 HE =211 (3"7e)
L5k Q"’h Ar 3-/1493 2 counts
Qs oy )"9“ An BT 3-71-13 Recommendations

Necideuhul Taeno
LinigL 2% em prr VL Coan 75

O o~ - i

- Printed Name / 5 Signature .
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Golder Associates AIR ORING DATA SHEET

{ Date 87/~58  sheet_/_ ol
Job Name gm/q e)wu /Jmaop I Job Number _223 =8/ co2.
' Location {Jes AZL Mechanie € .f/qﬂ

Time In TimeOul_______ Weather //k hoyer cas 4 Temp. Wind D. Y
; Instrument Type _L Y/l 0T WL "7(/1'/ Serial No.
; Calibration Gas Instrument Reading___________ SparvGairvRF Setting

and Concentration « i more than one instument is used, dozument calibration procedures and results for each addivona! insyument i
recommendations s6ction below and indicate te instrument used (6. OVA, 361, OVM, etc.) for each observaton.

Time Station instr.* Reading Procedure/Observations/Comments

lA)?SL Lite ﬂl(otxqm'tl -(AU‘Z
hoec e beacly g9~ 98/ CF €.$

sA  3-4/-43  Skbl b€ 3729 pmesT
3.,,2-?3 fl'AI((lJ’i{l-‘!d'(/ 5"{5//‘/’/6-/ 7é

Jc!'l*
WA Df e e $5CF-28] CF 71

)93 Shavh Fime  352C pw ST
. 2.7243 Foneh 532 A FexT 2]

-
Tt [ Aack o a///'cf«
3-72-53% S =281 C/~ 2.2
slavhk bime  $lsc AN ST 22¢)
Fash372-9) /2:53FPn AT 0009 WL
ﬁ’fl A\[ /’Plh&/.r/\uu JM(«/. )
E20v- 06/ (F. €3
Stad frae. 6% an AT
Buich 185 pw /ST v

RKecommendations

. DY Y-S N . - ZZ/E‘//A/

mbhe Printed Name Sngnqtf}’/



SUBJKECT 112 /%7 4 - !! Ca/ L /n/
GOlder Job No.J&) QFJGUGTW/ = 2 Da/Z <

Associates Ref. Checked Sheet of

Reviewed

A}
¢

_Zﬁ—yg,;e ,4’,7/4 _ ; | 4l Ak P?c>?. OL/_CJE_{ 3cwz/i7/$
el Gl — S
ﬁ—’._'mf S 7&;;‘::‘,4,;."
| /Z},gmzfz ;Zp,q';zé_/f*_/_é{ _.Q_{_, e, Lo }O:;“,;

6--\“).‘. . ":}5730m ! : : -~~—-l-~—-—‘- i T

229l (Ze.56) P I A e
2323 (%) - '"::f_f_'_"j::___f____'_—_ff_;""""""'i' T
I - ] B
23 /¥ (7? x 39 F (773;)

. o 1. |
,_3/‘?_C77ﬂ w____du- ER "3»?7(4/;) uk_dv_, et ) (/,Z()

—— o ——

2379 | 373 o O:u.___._’__g_ﬁ;/'o‘:?(".":i.)... g, £ FE 2. (/.»J"J“i
2275 () Ui E I R A S —

;/96, Cz::.‘c/c_ JPijwa_/Fr/__j/i-__ R

P

- \_.._4_._..;_.... _._.._..j

I
, .
AR S I B

! )

———— [ — [ —————
|

,
¥

Co

. 1

T

: i

;

P

'




SUBJECT s )/ /e fpv £Lie [ Lre frony
GOIder Job N°'9Z_?— 8119 ce ? Made by Date 3'-?‘7\?

Associates Rel. cneckeg%/- Sheet o

Reviewed

‘CI),.»T'-%S) e Lrals ‘L(, _ Serea ")" PI0P=3 R/ G/AL T2 o i

F:e,\JLj(al;B@ wd — — B

f S‘}_.SJ) fTﬁ;.‘I.;'_@'v_ms% Uineg  Fhe C;_t'e.fC-lE._Swfr_c___( ?Q.'/eyle /{'ﬂ?ﬁ/r ).
SO AH_.au/(C’_ZLﬂL_;p_F_A_w‘/ - e R _{ - -

ok Conbfromn ,
/&JZ- /14’00’.)____1_ :____._../\/_:_._6*_ ________ '_g-ﬁ_.q,. TR B j

——— .~ — - — . ——— e e — e - 1 — - [

1

/r?‘/ [6/:_)____ X = JF3O (s, 97) ;
R R B J_ N : o
_/f'j_z (/5/ /\ Scunle SHL, ._OZ'/_ 53 2 7. (/ 32 ) (/)WO/ = /0.
S A A T cnegy
JECF ‘/'/-' ) = 3o 9(/04) s = P2
O
NSNS SRS ¢ ar)

._LZ?j_’__(sq DI I
i Yeed) T
i

!

b e I .

i A

4 JR— _— RS
H
t
i - — — - —
| !
f
. ' ) YT et
1
t .
i . _ T T
'
. '
| . :
f ; T
}
i H
. '
I i —_—— -
| H |
X f
' .
: i —_— [S———
. 1
i 1
i
. !
. : 1 —
1 | ' !
X ! . H
: ' . !
.' * } ;
1 1 B
| - ! ’




@ Golder Associates .

AR I.TORING DATA SHEET

Date S-£ =23 Sheet of

Job Name L4 inLaws Job Number _2 &3~ LY.
Location Ol e

Timelno___TimeOut __________ Weather Temp. Wind D. Vv
instrument Type Serial No.

Calibration Gas Instrument Reading .. SpanvGain/RF Setting
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Duplicate measurements will be performed as foliows:
<10 measurements = 1 duplicate

> 10 one duplicate for every 10 measurements + duplicate for fraction over 10
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Duplicate measurements will be performed as follows:

<10 measurements = 1 duplicate
> 10 one duplicate for every 10 measurements + duplicate for fraction over 10
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> 10 one duplicate for every 10 measurements + duplicate for fraction over 10
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APPENDIX C

PARAMETERS USED IN SCREEN EXPOSURE MODEL FOR ESTIMATING RADON GAS
CONCENTRATIONS FROM FLARE EMISSIONS



October 1993 C-1

923-6114

APPENDIX C

PARAMETERS USED IN SCREEN EXPOSURE MODEL FOR ESTIMATING
RADON GAS CONCENTRATIONS FROM FLARE EMISSIONS

Main Flare

Assumptions:

Operating at design capacity of 2,500 c¢fm
60% methane in LFG at 255, 300 cal/ft’
180 pCifliter Rn-222 in LFG = 5,094 pCi/ft®
2,500 cfm x min/60 sec x 5,094 pCi/ft’ = 212,250 pCi/sec

= 0.212E-03 mCi/sec
2,500 cfm x 0.6 x 255,300 cal/ft® x min/60 sec = 6,382,500 cal/sec
Stack height 40 feet = 12.2 meters

12-Inch Auxiliary Flare
Assumptions:

Operating at design capacity of 1,300 ¢fm
60% methane in LFG at 255,300 cal/ft®
180 pCi/liter Rn-222 in LFG = 5,094 pCi/ft’
1,300 cfm x min/60 sec x 5,094 pCi/ft® = 110,370 pCi/sec
= 0.110E-03 mCi/sec
1,300 cfm x 0.6 x 255,300 cal/ft® x min/60 sec = 3,318,900 cal/sec
Stack height 10 feet = 3.05 meters
Terrain height of 4 m above stack base

8-Inch Utility Plane

Assumptions:

Operating at design capcity of 2,000 cfm

60% methane in LFG at 255,300 cal/ft’

180 pCi/liter Rn-222 in LFG

180 pCi/liter x 28.3 liter/ft® = 169,800 pCi/sec
= 0.17E-03 mCi/sec

2,000 cfm x 0.6 x 255,300 cal/ft® x min/60 sec = 5,106,000 cal/sec
Stack height = 20 ft x 1 m/3.28 ft = 6 meters

Complex terrain option:

46-meter cliff, 250 meters from flare

Golder Associates
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02:00:13
*%% SCREEN-1.1 MODEL RUN **=*
*%*% VERSION DATED 88300 **%*

DGETON LANDFILL MAIN FLARE

SIMPLE TERRAIN INPUTS:

SOURCE TYPE = FLARE
EMISSION RATE (mCi/S) = .2120E-03
FLARE STACK HEIGHT (M) = 12.20
TOT HEAT RLS (CAL/S) = .6382E+0
RECEPTOR HEIGHT (M) = .00
IOPT (1=URB,2=RUR) = 1
EFF RELEASE HEIGHT (M) = 20.36
BUILDING HEIGHT (M) = .00
MIN HORIZ BLDG DIM (M) = .00
MAX HORIZ BLDG DIM (M) = .00
BUOY. FLUX = 105.81 M**4/S**3; MOM. FLUX = 64.52 M**4/S*2,

*%%* FULL METEOROLOGY *%%

kdkkhkkkhkhkkhkhkkkkkkkkkhkhkkkhkhkkkkhkkkkk

*%% SCREEN AUTOMATED DISTANCES **%*
kkkkkhkhkhkhhhkhkkhhkkhkhkkkkkhkhhkhhkhkkdk

*** TERRAIN HEIGHT OF 0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES #*%*%*

IST CONC UlOoM USTK MIX HT PLUME SIGMA SIGMA
(M) (pCi/L) STAB (M/S) (M/S) (M) HT (M) Y (M) Z (M) DWASH
10. .0000 0 .0 .0 .0 .0 .0 .0
100. .7446E-04 4 20.0 23.9 5000.0 44.7 15.8 13.9 NO
200. .8785E-03 4 20.0 23.9 5000.0 44.7 30.9 27.4 NO
300. .8325E-03 4 20.0 23.9 5000.0 44,7 45.5 40.4 NO
400. .7008E-03 4 15.0 17.9 4800.0 54.5 59.8 53.3 NO
500. .6236E-03 4 10.0 11.9 3200.0 73.5 73.9 66.3 NO
600. .5575E-03 4 8.0 9.6 2560.0 86.8 87.7 79.0 NO
700. .4897E-03 4 8.0 9.6 2560.0 86.8 100.6 90.9 NO
800. .4505E-03 4 5.0 6.0 1600.0 126.6 115.5 105.1 NO
900. .4471E-03 5 2.0 2.5 5000.0 124.3 89.9 55.6 NO
1000. .5048E-03 5 2.0 2.5 5000.0 124.3 97.6 58.7 NO
1100. .5520E-03 5 2.0 2.5 5000.0 124.3 105.1 61.7 NO
1200. .6046E-03 5 1.0 1.2 5000.0 151.3 114.8 68.5 NO
1300. .6564E-03 5 1.0 1.2 5000.0 151.3 121.9 71.2 NO
1400. .7010E-03 5 1.0 1.2 5000.0 151.3 128.8 73.8 NO
1500. .7389E-03 5 1.0 1.2 5000.0 151.3 135.7 76.4 NO
1600. .7705E-03 5 1.0 1.2 5000.0 151.3  142.4 78.9 NO
1700. .7964E-03 5 1.0 1.2 5000.0 151.3  149.0 81.3 NO
1800. .8172E-03 5 1.0 1.2 5000.0 151.3 155.5 83.7 NO
1900. .8336E~-03 5 1.0 1.2 5000.0 151.3 161.9 86.0 NO
2000, .8461E-03 5 1.0 1.2 5000.0 151.3  168.2 88.3 NO
2100. .8552E-03 5 1.0 1.2 5000.0 151.3 174.4 90.6 NO
‘200. .8614E-03 5 1.0 1.2 5000.0 151.3 180.4 92.8 NO
300. .8650E-03 5 1.0 1.2 5000.0 151.3 186.4 94.9 NO
2400, .8665E-03 5 1.0 1.2 5000.0 151.3  192.2 97.0 NO:
2500. .8662E-03 5 1.0 1.2 5000.0 151.3 198.0 99.1 NO



MAXIMUM 1-HR CONCENTRATIC“ OR BEYOND 10. M: '
233. .9208E-03 4 20.0 23.9 5000.0 4% 36.0 31.9

DWASH= MEANS NO CALC MADE (CONC = 0.0)
ASH=NO MEANS NO BUILDING DOWNWASH USED
%SH#’!S MEANS HUBER-SNYDER DOWNWASH USED
ASH=SS MEANS SCHULMAN-SCIRE DOWNWASH USED
DWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3*LB

kkkkhkdhkhkhkhkhhhkdhkkhdkhkhhkdkddhhkdkdkdhhdkhkhhhkdkikhkikk

*%** SUMMARY OF SCREEN MODEL RESULTS #***
hkhkkhkhhhhhhhkhhhkhkhhkkhkhkhhkhhkkkhhhkkkdkkkk

CALCULATION MAX CONC DIST TO TERRAIN

PROCEDURE (pCi/L) MAX (M) HT (M)
SIMPLE TERRAIN .9208E-03 233. 0.

F¢ Jc Jo de de de do g d de de g de de de de e ke ke de e e g ode g e e de ke K K ke de de ke ke e ke de ke ke ke ke & ke ke ok ke ke ok ok

** REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS *%*
de e de e de sk e ok ok e ek ok ke ok ok e v v e ok ok ok ok ok ok ok ke e ok e e e e e v e ok ok e e e ok ok ok ok

NO
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*** SCREEN-1.1 MODEL RUN #*#%%*
*** VERSION DATED 88300 **x*

.DGETON LANDFILL 12 INCH AUXILIARY FLARE

SIMPLE TERRAIN INPUTS:

SOURCE TYPE = FLARE
EMISSION RATE (mCi/S) = .1100E-03
FLARE STACK HEIGHT (M) = 3.05
TOT HEAT RLS (CAL/S) = .3319E+0
RECEPTOR HEIGHT (M) = .00 -
IOPT (1=URB,2=RUR) = 1
EFF RELEASE HEIGHT (M) = 9.02
BUILDING HEIGHT (M) = .00
MIN HORIZ BLDG DIM (M) = .00
MAX HORIZ BLDG DIM (M) = .00
BUOY. FLUX = 55.03 M**4/S**3; MOM. FLUX = 33.56 M¥*4/S*%2,

**%* FULL METEOROLOGY *%%*

kkkhkdhkhkhkkhkhkkhkhkhkkkkhkhkhkkkhkkkkkhkkkkkkk

**% SCREEN AUTOMATED DISTANCES #***
hkkkkhkhkhkhkdhhhhkhkhkhkhhhhhkkkkkkkkhkkk

*** TERRAIN HEIGHT OF 0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES *#%*
IST CONC Ul0M USTK MIX HT PLUME SIGMA SIGMA
(M) (pCi/L) STAB (M/S) (M/S) (M) HT (M) Y (M) 2 (M) DWASH
10.  .0000 .0 .0 .0 .0 .0 .0
100. .8756E-03 20.0 20.0 5000.0 29.2 15.8 13.9 NO
200. .1168E-02 20.0 20.0 5000.0 29.2 30.9 27.4 NO

10.0 3200.0 51.9 46.0 41.0 NO
2560.0 62.6 60.6 54.2 NO

300. .8327E-03
400. .6840E-03

[=NeNeNeNoojooeNaNoNeNeNaoNoNoleNoNoNolaloNe

500. .5685E-03 . . 2560.0 62.6 74.3 66.7 NO
600. .4868E-03 . . 1600.0 94.8 89.6 8l1l.1 NO
700. .5538E-03 . . 5000.0 98.8 72.7 46.8 NO
800. «6234E-03 . . 5000.0 98.8 80.8 50.2 NO
900. .6827E-03 . . 5000.0 122.1 90.8 57.0 NO
1000. «7495E-03 . . 5000.0 122.1 98.4 60.0 NO
1100. .8022E-03 . . 5000.0 122.1 105.9 63.0 NO
1200. .8421E-03 . . 5000.0 122.1 113.2 65.8 . NO
1300. .8711E-03 . . 5000.0 122.1 120.4 68.6 NO
1400. .8908E-03 . 5000.0 122.1 127.5 71.3 NO
1500. .9028E-03 . 5000.0 122.1 134.4 74.0 NO

1600. .9088E-03 5000.0 122.1 141.2 76.6 NO

1700. .9097E-03 5000.0 122.1 147.8 79.1 NO

QOO LVIOES & B S S B O
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1800. .9068E-03 . . 5000.0 122.1 154.4 81.5 NO
1900. .9008E-03 . . 5000.0 122.1 160.8 83.9 NO
2000. .8924E-03 . . 5000.0 122.1 167.1 86.3 NO
2100. .8822E-03 . . 5000.0 122.1 173.3 88.6 NO
200. .8706E-03 . . 5000.0 122.1 179.4 90.8 NO
00. .8580E-03 . . 5000.0 122.1 185.4 93.0 NO
2400. .8447E-03 . . 5000.0-- 122.1 191.3 95.2 NO
2500. .8309E-03 . . 5000.0 122.1 197.1 97.3 NO



MAXTMUM 1-HR CONCENTRATIC.‘ OR BEYOND 10. M: Q
150. .1329E-02 4 20.0 20.0 5000.0 295 23.6 20.8

DWASH= MEANS NO CALC MADE (CONC = 0.0)
.ASH=NO MEANS NO BUILDING DOWNWASH USED
ASH=HS MEANS HUBER-SNYDER DOWNWASH USED
DWASH=SS MEANS SCHULMAN-SCIRE DOWNWASH USED
DWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3*LB

% % de de g e g de Jo g K K de de ok e de g g e de ke K K de ok de Je g e g K de Kk ok k ke ok ok

**x% SUMMARY OF SCREEN MODEL RESULTS **%*
dkhkkkkdkhhkhkhdhhhhhhkhkkhkkhhhhhhhkrhhhhhdkhkdkk

CALCULATION MAX CONC DIST TO TERRAIN

PROCEDURE (pCi/L) MAX (M) HT (M)
SIMPLE TERRAIN .1329E-02 150. 0.

khkdkdkkkkkhkkhkkhkhkhkhkhkhhkhkhkhkhkkhkhkhkkhkhkhhhkkhhhdhhkkkhkkkhkk

** REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS #**
hkkkkhkkhhhhhkhkhkhhhhhhhhkhkhkhhhhkkhkhhhhhdhhkhkhkhkhhhhdhhdkkk

NO



. . 08-25-93

01:48:55
*%* SCREEN-1.1 MODEL RUN *%*%*
**% VERSION DATED 88300 *%%*

DGETON LANDFILL 12 INCH AUXILIARY FLARE, ELEVATED TERRAIN

SIMPLE TERRAIN INPUTS:

SOURCE TYPE = FLARE
EMISSION RATE (mCi/S) = .1100E-03
FLARE STACK HEIGHT (M) = 3.05
TOT HEAT RLS (CAL/S) = .3319E+0
RECEPTOR HEIGHT (M) = .00
IOPT (1=URB,2=RUR) = 1
EFF RELEASE HEIGHT (M) = 9.02
BUILDING HEIGHT (M) = .00
MIN HORIZ BLDG DIM (M) = .00
MAX HORIZ BLDG DIM (M) = .00
BUOY. FLUX = 55.03 M**4/S**3; MOM. FLUX = 33.56 M**4/S%%*2,

**% FULL METEOROLOGY **%
dhkdkdkdhdhkdhdkddhhhhhhhhkhhkhhhdhdhhhhhkk

*%* SCREEN AUTOMATED DISTANCES #%#%%*
kkkkkhkhkhhkhhkhkhkkkhkhhhhkkkkkkhkkhhkkhkk

**% TERRAIN HEIGHT OF 4. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES **%*

.IST CONC Ul0M USTK MIX HT PLUME SIGMA SIGMA
(M) (pci/L) STAB, (M/S) (M/S) (M) HT (M) Y (M) 2 (M) DWASH

10.  .0000 .0 .0 .0 .0 .0 .0
100.  .1537E-02 20.0 20.0 5000.0 25.2 15.8 13.9 NO
200.  .1351E-02 20.0 20.0 5000.0 25.2 30.9 27.4 NO
300. .9378E-03 10.0 10.0 3200.0 47.9 46.0 41.0 NO
400.  .7429E-03 . .0 2560.0 58.6 60.6 54.2 NO
500. .6003E-03 2560.0 58.6 74.3 66.7 NO
600. .5848E-03 5000.0 83.4 63.4 41.4 NO

5000.0 94.8 72.7 46.8 NO
5000.0 94.8 80.8 50.2 NO

700. .6610E-03
800. .7269E-03

5000.0 118.1 141.2 76.6 NO
5000.0 118.1 147.8 79.1 NO
5000.0 118.1 154.4 81.5 NO
5000.0 118.1 160.8 83.9 NO
5000.0 118.1 167.1 86.3 NO
5000.0 118.1 173.3 88.6 NO

1600. .9864E-03
1700. .9824E-03
1800. .9748E-03
1900. .9644E-03
2000. .9519E-03
2100. .9379E-03

900. .7915E-03 . . 5000.0 118.1 90.8 57.0 NO
1000. .8564E-03 . . 5000.0 118.1 98.4 60.0 NO
1100. «9055E~03 . 5000.0 118.1 105.9 63.0 NO
1200. .9408E-03 . 5000.0 118.1 113.2 65.8 NO
1300. .9646E-03 . 5000.0 118.1 120.4 68.6 NO
1400. .9789E-03 . 5000.0 118.1 127.5 71.3 NO
1500. .9856E-03 . 5000.0 118.1 134.4 74.0 NO

[~ eNoloNoRolNoNoNooNoeNoNoNoloNoNoNeNoNeNoNa
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.200. .9228E-03 . . 5000.0 118.1 179.4 90.8 NO
300. .9070E-03 . . 5000.0 118.1 185.4 93.0 NO
2400. .8907E-03 . 5000.0 118.1 191.3 95.2 NO

UL & &b & O
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5000.0 118.1 197.1 97.3 NO

2500. .8742E-03



MAXIMUM 1-<HR CONCENTRATI.T OR BEYOND 10. M: !
129. +1782E-02 4 20.0 20.0 5000.0 . 20.4 18.0 NO

DWASH= MEANS NO CALC MADE (CONC = 0.0)
sWASH=NO MEANS NO BUILDING DOWNWASH USED
¢A8H=HS MEANS HUBER-SNYDER DOWNWASH USED
WASH=SS MEANS SCHULMAN-SCIRE DOWNWASH USED
DWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3*LB
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* SUMMARY OF TERRAIN HEIGHTS ENTERED FOR *

* SIMPLE ELEVATED TERRAIN PROCEDURE *
kkkkkkhhhhhkdhhhhhkhhhhkhhhhhhkhkhhhhhhkkhhhhkkk

TERRAIN DISTANCE RANGE (M)
HT (M) MINIMUM MAXIMUM
4. 10. 2500.

kkkhkhkhdkkhkhkkdkhkkhkhkkkhkkkkkkhkkkkkkkkhkkkhkkkk

*%* SUMMARY OF SCREEN MODEL RESULTS %%#*
dhkdkdkdkdkhhhdhdhhhhhhhhhhhkhkhkhkhkhkhhkkhhkhhhkkhkkkk

CALCULATION MAX CONC DIST TO TERRAIN
PROCEDURE (pCi/L) MAX (M) HT (M)
SIMPLE TERRAIN .1782E-02 129. 4.

% % J d g gk ke ok de ke ke e ke ke ke ok de ke ok ke de ded kK g g ok kK kK ok dk ke d ke ke ko ok ok Kk ke ok kk ok

REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS **
dokkkhkkhhhdhdhdddhhhhhkkhhkhhkhhhkhkhkhkhkhhkhkhkhkhhkhkkhkhkhkhkk
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*%* SCREEN-1.1 MODEL RUN **%
*** VERSION DATED 88300 **%*

.DGETON LANDFILL 8 INCH PORTABLE FLARE, COMPLEX TERRAIN

COMPLEX TERRAIN INPUTS:

SOURCE TYPE = FLARE
EMISSION RATE (mCi/S) = .1700E-03
FLARE STACK HEIGHT (M) = 6.00
TOT HEAT RLS (CAL/S) = .5106E+07
RECEPTOR HEIGHT (M) = .00
IOPT (1=URB,2=RUR) = 1
EFF RELEASE HEIGHT (M) = 13.34
BUOY. FLUX = 84.66 M*%4/S**3; MOM. FLUX = 51.62 Mk*4/S*%2,
FINAL STABLE PLUME HEIGHT (M) = 109.5
DISTANCE TO FINAL RISE (M) = 200.2

*VALLEY 24-HR CALCS*  **SIMPLE TERRAIN 24-HR CALCS*#*

TERR MAX 24-HR PLUME HT PLUME HT

HT DIST CONC CONC ABOVE STK CONC ABOVE STK Ul0M USTK
M) (M) (pCi/L) (pci/L) BASE (M)  (pci/L) HGT (M) SC  (M/S)
46. 150. .1633E-02 .1633E-02 92.7 .1052E-02 24.1 4 20.0 21.5
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**% SCREEN-1.1 MODEL RUN *%*%
*%*%* VERSION DATED 88300 *%%*

DGETON LANDFILL 8 INCH PORTABLE FLARE, COMPLEX TERRAIN

SIMPLE TERRAIN INPUTS:

SOURCE TYPE = FLARE
EMISSION RATE (mCi/S) = .1700E-03
FLARE STACK HEIGHT (M) = 6.00
TOT HEAT RLS (CAL/S) = .5106E+07
RECEPTOR HEIGHT (M) = .00
IOPT (1=URB, 2=RUR) = 1
EFF RELEASE HEIGHT (M) = 13.34
BUILDING HEIGHT (M) = .00
MIN HORIZ BLDG DIM (M) = .00
MAX HORIZ BLDG DIM (M) = .00
BUOY. FLUX = 84.66 M**4/S*%3; MOM. FLUX = 51.62 Mk*4/Sk%2,

*%** FULL METEOROLOGY #*%%*
kkkkkhhkkhkhdhhdhdkkhkhkhkkhkkkkrkhdhk

*%*% SCREEN AUTOMATED DISTANCES *%%*
kkkkkhhkhhkhhhkkkkkhhkhhhkhkkkkrhkk

*** TERRAIN HEIGHT OF 0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES **%*

IST CONC U10M USTK MIX HT PLUME SIGMA SIGMA
(M) (pCi/L) STAB (M/S) (M/S) (M) HT (M) Y (M) Z (M) DWASH
10.  .0000 .0 .0 .0 .0 .0 .0
100.  .3087E-03 20.0 21.5 5000.0 37.5 15.8 13.9 NO
200. .1165E-02 20.0 21. 5000.0 37.5 31.0 27.4 NO
300. .9259E-03 15.0 16.1 4800.0 47.0 45.7 40.6 NO
400. .7489E-03 10.0 10.7 3200.0 65.0 60.3 53.9 NO
500. .6411E-03 . .6 2560.0 77.9 74.5 66.9 NO
600. .5580E-03 R . 2560.0 77.9 87.8 79.1 NO
700.  .4798E-03 . .4 1600.0 116.7 103.3 93.8 NO
800. .5258E-03 . .3 5000.0 101.3 80.6 49.9 NO
900. .53905E-03 . .2 5000.0 114.0 89.6 55.1 NO
1000.  .6438E-03 . .2 5000.0 114.0 97.3 58.2 NO
1100. .7004E-03 5000.0 140.1 107.1 65.1 NO
1200. .7578E-03 5000.0 140.1 114.4 67.9 NO

5000.0 140.1 121.5 70.6 NO
5000.0 140.1 128.5 73.2 NO

1300. .8055E~03
1400. .8443E-03

5000.0 140.1 161.7 85.5 NO
5000.0 140.1 167.9 87.8 NO
5000.0 140.1 174.1 90.1 NO
5000.0 140.1 180.2 92.3 NO
5000.0 140.1 186.1 94.4 NO
5000.0 140.1 192.0 96.6 NO
5000.0 140.1 197.8 98.7 NO

1900. .9376E~03
2000. .9421E-03
2100, .9435E~03
‘200. .9423E~03
300. .9390E~03
2400. .9339E-03
2500. .9274E-03

1500. +.8752E~03 . . 5000.0 140.1 135.4 75.8 NO
1600. .8991E-03 . . 5000.0 140.1 142.1 78.3 NO
1700. .9168E-03 . . 5000.0 140.1 148.8 80.8 NO
1800. «.9294E-03 . . 5000.0 140.1 155.3 83.2 NO

[« NeNeloNoNeoRoNeoRooNoNoNoNoloNoleNoNoNoNe!
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MAXIMUM 1-HR CONCENTRATI“ OR BEYOND 10. M: Q
194. .1167E-02 4 20.0 21.5 5000.0 37.

DWASH= MEANS NO CALC MADE (CONC = 0.0)
ASH=NO MEANS NO BUILDING DOWNWASH USED
JASH=HS MEANS HUBER-SNYDER DOWNWASH USED

DWASH=SS MEANS SCHULMAN-SCIRE DOWNWASH USED

DWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3*LB
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**% SUMMARY OF SCREEN MODEL RESULTS *#%%*
khkkkkkkkhkhkhhhhhhhhhkkkkhkhhhkkhhkhkdkhhkhkkk

30.2 26.7

CALCULATION MAX CONC DIST TO TERRAIN
PROCEDURE (pCi/L) MAX (M) HT (M)
SIMPLE TERRAIN .1167E-02 194. 0.
COMPLEX TERRAIN .1633E-02 150. 46. (24-HR CONC)

khkkkhkdkkhkkhkhkhhkhkhkkkhkhhkkhkhhkkhkhkhkkkkhkhhkkkkhkkhkhkkkkhkhkkkkk

** REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS *#*
Tkdkkhkhkhkdkkhkhdhkhdkdkhkhkhhkkrrhhkhhhhhkhkhhrhkhkkhkhkhkhkddkkk

NO



